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MONTANA  AGRICULTURAL 


EXPERIMENT  STATION 


EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kixkel,  Jr.,  Vice  President Manhattan. 

Walter  Cooper Bozeman. 

E .  H .  T alcott Li vingston . 


EXPERIMENT  STATION  STAFF. 

S.  M.  Emery Director  and  Horticulturist. 

Li'THER  Foster,  M.  S.  A Agriculturist  and  Botanist. 

F.  W.  Traph.vgex,  Ph.  D.,  F.  C.  S Chemist. 

W.  L.  Williams,  V.  S Veterinary  Surgeon. 


Post  Office,  Express  and  Freight  Station,  Bozeman. 
All  communications  for  the  Experiment  Station  should 
be  addressed  to  the  Director. 

MOXTAXA   EXPERIMEXT   StaTIOX, 

Bozeman,  Mont. 


NOTICE— The  bulletins  of  the  Station  will  be  mailed  free 
to  any  citizen  of  Montana  who  sends  his  name  and  address 
to  the  Station  for  that  purpose. 


Montana  Experiment  Station. 

•  -       -  - 

Bulletin  No.  i.  -^k-^,-^,  March,  1894. 


ORGANIZATION-ANNOUNCEMENTS. 


BY  S.  M.  EMERY. 

The  Montana  Agricultural  Experiment  Station  owes  its 
existence  to  the  *'Hatch  Act''  of  1887,  creating  experiment 
stations,  supplemented  by  the  passage  by  the  Montana  leg- 
islature in  1893  of  the  following  law: 

An  act  providing  for  the  location  and  establishment  of 
the  Agricultural  College  of  the  State  of  Montana,  and  an 
Agricultural  Experimental  Station  in  connection  therewith, 
enumerating  its  objects  and  purposes,  dedicating  lands  for 
the  use  of  the  same,  providing  for  the  government  and  con- 
trol thereof,  and  accepting  and  adopting  the  provisions,  do- 
nations and  benefits  contained  in  the  Acts  of  Congress  relat- 
ing thereto. 

Be  it  enacted  by  the  Legislative  Assembly  of  the  State  of 
Montana: 

Section  1.  The  Agricultural  College  of  the  State  of 
Montana  is  established  at  the  city  of  Bozeman,  or  Avithin 
three  (3)  miles  of  the  corporate  limits  of  said  cit}',  upon 
such  tract  or  tracts  of  land,  conforming  in  the  aggregate 
not  less  than  eighty  (80)  acres,  and  as  much  more  as  shall 
be  selected  by  the  State  Board  of  Education,  as  hereinafter 
provided;  and  said  College  has  for  its  leading  objects  and 
pur|>oses.  without  excludmg  other  scientific  and  classical 
studies,  and  including  military  tactics,  to  teach  such 
branches  of  learning  as  are  related  to  agriculture  and  the 
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mechanic  arts,  in  such  manner  as  the  State  Board  of  Educa-^ 
tion,  and  any  subordinate  board  b^^  such  State  Board  ap^ 
pointed,  ma^^  prescribe. 

Sec.  2.  It  shall  be  the  duty  of  the  State  Board  of  Edu-^ 
cation,  within  ninet\^  (90)  days  from  the  date  of  the  passage 
of  this  Act,  if  then  organized,  but  if  not  organized  then 
within  ninety  (90)  daN'S  from  the  organization  of  the  said 
Board,  to  select  the  site  for  the  definite  and  permanent  loca-^ 
tion  of  said  Agricultural  College  of  Montana  and  Agricul- 
tural Experimental  Station,  which  site  shall  be  at  the  city  of 
Bozeman,  or  within  three  (3)  miles  of  the  corporate  limits  of 
said  city  of  Bozeman;  and  said  State  Board  of  Education 
shall  at  once  take  steps  or  proceedings  for  procuring  the  title 
to  the  tract  or  tracts  of  land  so  selected  bv  them,  and  thev 
may,  and  are  hereby  empowered  to  enter  into  contracts  in 
the  name  of  the  State  of  Montana,  for  the  purchase  of  said 
tract  or  tracts  of  land  so  selected,  and  may  execute  such  ob- 
ligations for  the  payment  of  the  same  as  will  mature  when 
the  probable  income  from  the  fund  of  said  Agricultural  Col- 
lege and  Agricultural  Experimental  Station,  or  either  of 
them,  will  pay  for  the  same.  The  said  State  Board  of  Edu> 
cation  is  hereby  authorized  and  empowered  to  accept  in  the 
name  of  the  State  of  Montana  such  gifts  of  land  and  mone}- 
as  may  be  tendered  to  aid  in  the  purchase  of  said  site,  and 
whenever  such  gifts  are  sufficient  in  amount  to  secure  or  pa}r 
for  said  site  the}'  shall  appropriate  the  same  to  that  pur- 
pose, and  take  proper  and  necessary  conveyances  of  said 
tract  or  tracts  of  land  in  the  name  of  the  State.  All  lands 
and  money  acquired,  as  provided  in  this  section,  shall  be 
taken  and  held  for  the  sole  use  and  benefit  of  said  Agricul- 
tural College  and  said  Agricultural  Experimental  Station. 

Sec.  3.  The  general  control  and  supervision  of  such 
College  is  vested  in  the  State  Board  of  Education,  which 
Board  maA'  prescribe  all  rules  therefor. 

Sec.  4.  The  Governor,  bv  and  with  the  advice  and  con- 
sent  of  the  State  Board  of  Education,  may  designate  and 
appoint  an  Executive  Board,  consisting  of  five  (5)  members,, 
at  least  three  (3)  of  w^hom  shall  be  residents  of  the  county 
wherein  said  institution  is  situated,  which  Executive  Board 
shall  have  the  immediate  direction  and  control  of  the  affairs 
of  said  College,  subject  only  to  the  general  supervision  and 
control  of  said  State  Board  of  Education.  Such  Executive 
Board  shall  serv^e  during  the  term  of  the  State  Board  of  Edu- 
cation, unless  sooner  removed. 
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Sec.  5.  The  Executive  Board  is  authorized  to  choose 
and  appoint  a  president  and  faculty  of  said  College,  who 
shall  serve  as  such,  for  such  time,  and  receive  such  compen- 
^sation  as  the  said  Executive  Board  may  prescribe,  subject  to 
the  approval  of  the  State  Board  of  Education. 

Sec.  6.  The  Executive  Board  shall  appoint  a  secretary 
thereof,  who  may  also  act  as  treasurer  ot  said  Board,  and 
who  may  not  be  a  member  thereof,  and  such  secretary-  and 
treasurer  shall  give  bond  with  good  and  sufficient  surety  for 
the  faithftil  performance  of  his  duties  as  such,  and  for  the 
faithful  accounting  for  and  paying  over  to  the  said  Board  of 
Education,  to  and  for  the  use  of  said  College,  all  monies  re- 
<:eived  by  him  as  treasurer,  in  such  sum  as  said  State  Board 
of  Education  ma^-  prescribe. 

Sec.  7.  There  is  also  located  and  established  on  the 
lands  so  to  be  selected  by  the  State  Board  of  Education,  in 
connection  with  said  Agricultural  College,  and  under  its  di- 
rection, an  Agricultural  Experimental  Station,  to  aid  in  ac- 
quiring and  diffusing  among  the  people  of  the  State  of  Mon- 
tana useful  and  practical  information  on  subjects  connected 
with  agriculture,  and  to  promote  scientific  investigation  and 
experiments  respecting  the  principles  and  application  of  agri- 
cultural science,  which  Experimental  Station  is  established 
under  and  by  virtue  of  the  authoritv  contained  in  the  Act  of 
Congress  entitled  **An  Act  to  establish  Experimental  Sta- 
tions in  connection  with  the  Colleges  established  in  the  sev- 
eral states,  under  the  provisions  of  an  act  approved  July  2d, 
1862,  and  the  said  acts  supplementary  thereto,''  approved 
March  2d.  1887,  and  the  provisions,  donations  and  benefits 
contained  in  said  Act  of  Congress,  and  in  all  other  Acts  of 
Congress  relating  to  Agricultural  Experimental  Stations 
and  Agricultural  Colleges,  now  in  force,  and  all  acts  supple- 
mentary thereto;  or  amendator\'  thereof,  are  by  the  State  of 
Montana  hereby  accepted  and  adopted. 

Sec.  8.  Said  Agricultural  Experimental  Station  is  here- 
by placed  under  the  supervision  and  control  of  the  State 
Board  of  Education,  and  the  Executive  or  subordinate 
Board  or  authority  who  may  be  by  the  Governor,  by  and 
with  the  consent  and  advice  of  said  Board  of  Education, 
appointed. 

Sec.  9.  This  act  shall  take  effect  and  be  in  force  from 
and  after  its  passage. 

Approved  February  16th,  1893. 
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THE  EXECUTIVE  BOARD. 

According  to  law,  Governor  J.  E.  Rickards  appointed 
the  following  persons:  Lester  S.  Willson,  Peter  Koch,  Wal- 
ter Cooper,  Geo.  Kinkel,  Jr.,  and  E.  H.  Talcott,  as  members 
of  the  Executive  Board  of  Education,  in  charge  of  the  Agri- 
cultural Experiment  Station  of  Montana. 

This  Board  met  and  organized  as  follows:  Lester  S. 
Willson,  President;  Geo.  Kinkel,  Jr.,  Vice  President;  Peter 
Koch,  Secretary'  and  Treasurer. 


THE  EXPERIHENT  STATION  STAFF. 

The  appointments  were  duly  confirmed  by  the  State 
Board  of  Education,  and  the  organization  of  the  Experiment 
Station  was  completed  b}^  the  selection  of  the  following  as 
members  of  the  Experiment  Station  staff:  S.  M.  EmerA',  Di- 
rector and  Horticulturist;  Luther  Foster,  M.  S.  A.,  Agricul- 
turist and  Botanist;  P.  \V.  Traphagen,  Ph.  D.,  F.  C.  S., 
Chemist;  W.  L.  Williams,  V.  S.,  Veterinary  Surgeon. 


AGRICULTURAL  COLLEGE  AND   EXPERIMENT  STATION   SITES. 

On  March  22, 1893,  the  State  Board  of  Education  met  at 
Bozeman  in  joint  session  with  the  Executive  Board,  to  con- 
sider and  select  a  suitable  building  site  and  grounds  for  the 
Agricultural  College,  and  a  farm  for  the  use  of  the  Experi- 
ment Station.  After  considering  the  various  tracts  offered, 
a  choice  was  made  of  blocks  No.  22,  23,  24,  25,  26  and  27, 
Capitol  Hill  Addition  to  the  Cit^^  of  Bozeman,  for  the  loca- 
tion of  the  Agricultural  College  gi'ounds,  the  purchase  price 
of  the  same  being  a  gift  from  the  Hon.  Nelson  Story,  of  Boze- 
man, a  member  of  the  State  Board  of  Education,  and  a 
staunch  friend  of  ad \anced  practical  education. 

These  blocks  cciprisc,  with  the  streets  and  alle\'s  (the 
vacation  of  which  is  contemplated),  about  tw^enty  acres  of 
land,  in  the  southwestern  part  of  the  city  of  Bozeman,  and 
occupy  perhaps  the  most  commanding  location  in  or  about 
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the  citj",  overlooking,  as  they  do,  the  city,  its  surroundings, 
and  the  entire  vallev  of  the  various  branches  of  the  Gallatin 
river,  the  view  only  being  circumscribed  by  the  Bridger,  Gal- 
latin and  Madison  ranges  of  mountains. 

As  the  site  for  the  Experiment  Station  farm,  the  north- 
west quarter  of  section  13,  township  2  south,  range  5  east, 
lying  directly  west  and  contiguous  to  the  college  site,  was 
selected. 

This  tract  of  land  has  been  the  property  of  Gallatin 
county  for  ten  years,  having  been  used  during  this  time  as  a 
county  poor  farm.  A  nominal  price  was  made  to  the  state, 
thus  being  conve\'ed  to  the  state  for  the  use  of  the  Experi- 
ment Station  as  a  joint  donation  of  the  city  of  Bozeman  and 
Gallatin  county. 

The  joint  tract  is  situated  4,000  feet  from  the  Gallatin 
count3^  Court  House,  in  Bozeman,  and  directly  upon  the 
electric  street  car  line,  and  within  easv  reach  of  the  citv  water 
works  and  electric  light  system. 

Its  accessibilitv  to  the  citv  and  the  main  line  of  the 
Northern  Pacific  Railwav,  add  immeasurablv  to  the  benefits 
to  be  derived  from  the  work  of  these  institutions  to  the  citi- 
zens of  Montana. 

The  college  grounds  proper  is  virgin  ^soil,  rich  and  pro- 
ductive,  and  wiU  respond  readily  to  the  art  of  the  land- 
scape gardener,  in  reducing  the  unbroken  soil  to  a  lawn  con- 
dition, and  in  establishing  trees  and  shrubs  for  shelter  and 
ornament. 


THE  EXPERIMENT  STATION  FARM. 

The  farm  property  has  been  considered  as  an  attachment 
to  the  care  of  the  county  paupers,  and  its  cultivation  has  not 
been  such  as  to  leave  it  in  a  high  state  of  fertility.  With  the 
farm  is  a  water  right  to  100  inches  of  water  from  the  Middle 
Creek  Ditch  company,  offering,  under  judicious  use,  an  ample 
supply  of  water  for  irrigation  and  stock  purposes. 

Portions  of  the  farm  are  badlv  washed  bv  the  action  of 
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waste  water,  and  the  ditches  were  grown  up  to  willows  and 
sage  brush.  These  were  cleaned  out,  and  superfluous  ditches 
have  been  plowed  and  filled  in. 

The  highway  between  Bozeman  and  Salesville  traverses 
the  farm  diagonalh';  and  an  attempt  is  being  made  to  close 
this,  and  open  a  new  road  on  the  south  section  line,  thus 
leaving  the  tract  in  a  solid  body. 

The  farm  offers  a  variety  of  soils  and  conditions.  Upon 
the  southeast  forty  acres  is  a  marsh v  tract  some  six  acres  in 
extent.  This  is  apparently  underlaid  with  wash  gravel,  the 
surface  being  of  peat  or  light  alluvial  soil,  and  is  too  spongA- 
to  permit  cultivation.  It  carries  a  good  crop  of  wild  hay, 
but  is  impassable  to  team  and  mower.  This  is  caused  by 
seepage  from  springs  in  the  vicinity,  and  the  wastage  from 
irrigation  ditches.  It  will  afford  the  opportunity  for  experi- 
ment with  tile  drainage,  with  the  object  of  making  a  tame 
meadow,  and  also  to  add  to  the  artificial  water  suppW  of 
the  farm. 

The  southwest  and  northwest  forty  acre  tracts  are  tra- 
versed from  south  to  north  by  two  irregular  draws,  or  chan- 
nels, about  two  rods  in  width,  the  substratum  of  which  seem 
to  be  wash  gravel,  with  a  top  soil  of  vegetable  loam.  These 
low  places  have  never  been  cultivated,  and  at  present  produce 
a  fair  crop  of  timothy.  There  are  some  surface  stone  over  a 
large  portion  of  the  farm.  It  is  proposed  to  plat  the  farm 
into  ten  acre  blocks,  and  to  make  a  topographical  plat  of 
each,  showing  character  and  composition  of  soil  in  each 
block. 

With  the  system  of  summer  fallowing  prevalent  in  the 
Gallatin  valley,  the  farm  has  usually  produced  good 
crops,  the  average  for  1893  being  73  bushels  of  oats  to 
the  acre.  We  are  not  in  full  sympathy  with  the  plan  of  sum- 
mer fallowing.  It  is  doubtless  a  necessity  in  stricth*  grain 
farming,  but  it  is  at  best  an  expensive  process,  requiring,  as 
it  does,  two  acres  of  land  to  perform  the  work  of  one. 

It  has  been  claimed  that  early  maturing  crops  (permit- 
ting the  land  to  be  plowed  at  an  early  date  in  the  summer) 
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or  early  summer  fallowing,  in  sections  subject  to  rainfall,  is 
a  positive  injury-,  from  the  loss  of  nitrogen  to  the  soil  filtered 
away  by  the  action  of  water. 

It  is  proposed,  on  these  accounts,  to  experiment  with  the 
various  clovers  and  field  peas,  these  being  nitrogeneous 
•crops,  and  ver\'  valuable,  either  as  green  manures  or  in  pro- 
moting the  extension  of  two  leading  branches  of  agriculture, 
dairv  husbandrv^  and  swine,  and  in  this  manner  to  reduce 
the  areas  of  land  that  are  productive  only  once  in  two  years. 


FARM  IMPROVEMENTS. 

The  buildings  upon  the  farm  are  poor  in  quality,  and  un- 
suitable to  the  purposes  of  an  experiment  station,  and  suit- 
able buildings  must  be  provided  by  state  aid. 

The  fences  enclosing  the  tract  are  poor  in  quality  and  in 
bad  condition,  and  will  be  replaced  bj^  a  galvanized  close  set 
wire  fence,  five  strands,  upon  first  class  red  cedar  posts. 

Plans  are  being  drawn  for  the  erection  of  an  Experiment 
Station  building,  which  will  be  a  basement  and  two  stories, 
stone  foundation,  frame  with  brick  veneer,  44  b}'  50 
feet,  with  accommodations  for  the  director  and  horticul- 
turist, the  professor  of  agriculture  and  botany,  the  chemist 
and  the  veterinarian.  Class  rooms  will  also  be  pro- 
vided for  work  shops  for  those  students  taking  iron  and 
wood  work  in  the  College,  and  for  instruction  in  mechanical 
drawing. 

This  building  can  be  paid  for  from  the  fund  derived  from 

the  annual  appropriation  of  the  United  States  government, 

under  the  Hatch  Experiment  Station  law,  portions  of  which 

read  as  follows: 

Be  it  enacted  by  the  Senate  and  House  of  Representatives 
of  the  United  States  of  America  in  Cong'ress  assembled,  That 
in  order  to  aid  in  acquiring  and  diflFusing  among  the  people 
of  the  United  States  useful  and  practical  mformation  on  sub- 
jects connected  with  agriculture,  and  to  promote  scientific 
investigation  and  experiment  respecting  the  principles  and 
applications  of  agricultural  science,  there  shall  be  established, 
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tinder  direction  of  the  college  or  colleges,  or  agi'icultural  de- 
partment of  colleges  in  each  state  or  territor\'  established, 
or  which  may  hereafter  be  established,  in  accordance  with 
the  provisions  of  an  act  approved  July  second,  eighteen  hun- 
dred and  sixt\-two,  entitled  "An  Act  donating  public  lands 
to  the  several  states  and  territories  which  may  prov-ide  col- 
leges for  the  benefit  of  agriculture  and  the  mechanic  arts," 
or  any  of  the  supplements  of  said  act,  a  department  to  be 
known  and  -designated  as  an  '* Agricultural  Experiment  Sta- 
tion."       *        •        * 

Sec.  2.  That  it  shall  be  the  object  and  duty  of  said  ex- 
periment stations  to  conduct  original  researches  or  verify 
experiments  on  the  physiology  of  plants  and  animals;  the 
diseases  to  which  they  are  severally  subject,  with  the  reme- 
dies for  the  same;  the  chemical  composition  of  useful  plants 
at  their  different  stages  of  growth;  the  comparative  advan- 
tages of  rotative  cropping  as  pursued  under  a  varying  series 
of  crops;  the  capacity  of  new  plants  or  trees  for  acclimation; 
the  analysis  of  soils  and  water;  the  chemical  composition  of 
manures,  natural  or  artificial,  with  experiments  designed 
to  test  their  comparative  effects  on  crops  of  different  kinds; 
the  adaptation  and  value  of  grasses  and  foliage  plants;  the 
composition  and  digestibility^  of  the  different  kinds  of  food 
for  domestic  animals;  the  scientific  and  economic  questions 
involved  in  the  i)roduction  of  butter  and  cheese;  and  such 
other  researches  or  experiments  bearing  directly  on  the  agri- 
cultural industry  of  the  United  States  as  may  in  each  case  be 
deemed  advisable,  having  due  regard  to  the  varying  condi- 
tions and  needs  of  the  respective  states  or  territories. 

Sec.  3,  *  *  *  It  shall  be  the  dutv  of  each  of 
said  stations,  annually,  on  or  before  the  first  day  of  Febru- 
ary, to  make  to  the  governor  of  the  state  or  temtory  in 
which  it  is  located  a  full  and  detailed  report  of  its  operations, 
including  a  statement  of  receipts  and  expenditures,  a  copy  of 
which  report  shall  be  sent  to  each  of  said  stations,  to  the 
said  commissioner  of  agriculture,  and  to  the  secretary  of  the 
treasurv  of  the  United  States. 

Sec.  4.  That  bulletins  or  reports  of  progress  shall  be 
published  at  said  stations  at  least  once  in  three  months,  one 
cop\^  of  which  shall  be  sent  to  each  newspaper  in  the  states 
or  territories  in  which  they  are  respectively  located,  and  to 
such  individuals  actually  engaged  in  farming  as  may  request 
the  same,  and  as  far  as  the  means  of  the  station  will  permit. 


a  «• 
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Sec.  5.  That  for  the  purpose  of  pa^-ing  the  necessary- 
expenses  of  conducting  investigations  and  experiments,  and 
printing  and  distributing  the  results,  as  hereinbefore  pre- 
scribed, the  sum  of  fifteen  thousand  dollars  per  annum  is 
hereby  appropriated  to  each  state,  to  be  specially  provided 
for  by  congress  in  the  appropriations  from  year  to  year,  and 
to  each  territory  entitled  under  the  provisions  of  section 
eight  of  this  act,  out  of  any  money  in  the  treasury  proceed- 
ing from  the  sales  of  public  lands,  to  be  paid  in  equal  quar- 
terly payments,  on  the  first  day  of  January,  April,  July  and 
October  in  each  year,  to  the  treasurer  or  ot/jer  officer  duh' 
appointed  by  the  governing  boards  of  said  colleges  to  receive 
the  same,  the  first  payment  to  be  made  on  the  first  day  of 
October,  eighteen  hundred  and  eighty-seven:  Provided, 
howeveVy  That  out  of  the  first  annual  appropriation  so  re- 
ceived by  any  station,  an  amount  not  exceeding  one-fifth 
may  be  expended  in  the  erection,  enlargement  or  repair  of  a 
building  or  buildings  necessary  for  carrying  on  the  work  of 
such  station;  and  thereafter  an  amount  not  exceeding  five 
per  centum  of  such  annual  appropriation  may  be  so  ex- 
pended. 

Sec.  6.  That  whenever  it  shall  appear  to  the  secretary 
of  the  treasury  from  the  annual  statement  of  receipts  and 
expenditures  of  any  of  said  stations  that  a  portion  of  the 
preceding  annual  appropriation  remains  unexpended,  such 
amount  shall  be  deducted  from  the  next  succeeding  annual 
appropriation  to  such  station,  in  order  that  the  amount  of 
money  appropriated  to  any  station  shall  not  exceed  the 
amount  actually  and  necessarih' required  for  its  maintenance 
and  support. 

Sec.  9.  That  the  grants  of  mone\'s  authorized  by  this 
act  are  made  subject  to  the  legislative  assent  of  the  several 
states  and  territories  to  the  purposes  of  said  grants.      *        * 

In  the  donation  to  the  State  of  Montana  of  an  Agricul- 
tural College  site  by  a  private  citizen,  and  the  gift  of  one 
hundred  and  sixty  acres,  b}^  cash  contributions  from  citizens 
of  Bozeman,  and  the  commissioners  of  Gallatin  countv;  also 
the  prompt  and  efficient  discharge  of  the  onerous  official  du- 
ties of  the  Executive  Board  of  Education,  in  which  there  is 
more  of  honor  than  profit;  and  fiirther,  by  the  liberalit\"  of 
the  school  board  of  the  City  of  Bozeman  in  supplying  the  Ag- 
ricultural College  and  Experiment  Station  with  the  free  use 
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of  a  large  part  of  the  Bozeman  high  school  building,  it  is 
considered  that  Gallatin  county  and  the  city  of  Bozeman 
have  done  their  duty  well  and  faithfully  by  these  institutions, 
and  that  the  proper  further  development  of  these  state  insti- 
tutions, open  to  all  in  the  state,  of  sufficient  scholastic  age 
and  attainments,  becomes  the  proper  work  of  the  State  of 
Montana. 


THE  MORRILL  ACT. 

The  Agricultural  College  appropriation  is  derived  from 
the  Morrill  Act,  which  reads: 

Be  it  enacted  by  the  Senate  and  House  of  Representa- 
tives of  the  United  States  of  America  in  Congress  assembled, 
That  there  shall  be  and  hereby  is  annually  appropriated, 
out  of  any  money  in  the  treasure'  not  otherwise  appropri- 
ated arising  from  the  sales  of  public  lands,  to  be  paid  as 
hereinafter  provided,  to  each  state  and  territory  for  the 
more  complete  endowment  and  maintenance  of  colleges  for 
the  benefit  of  agriculture  and  the  mechanic  arts  now  estab- 
lished, or  which  may  be  hereafter  established,  in  accordance 
with  an  act  of  Congress  approved  July  second,  eighteen  hun- 
dred and  sixty -two,  the  sum  of  fifteen  thousand  dollars  for 
the  year  ending  June  thirtieth,  eighteen  hundred  and  ninety, 
and  an  annual  increase  of  the  amount  of  such  appropriation 
thereafter  for  ten  vears  bv  an  additional  sum  of  one  thous- 
and  dollars  over  the  preceding  year;  and  the  annual  amount 
to  be  paid  thereafter  to  each  state  and  territory  shall  be 
twent3^-five  thousand  dollars,  to  be  applied  only  to  instruc- 
tion in  agriculture,  the  mechanic  arts,  the  English  lan- 
guage, and  the  various  branches  of  mathematical,  physical, 
natural  and  economic  science,  with  special  reference  to  their 
applications  in  the  industries  of  life,  and  to  the  facilities  for 
such  instruction.        *        *        » 

Sec.  2.  That  the  sums  hereby  appropriated  to  the 
states  and  territories  for  the  further  endowment  and  sup- 
port of  colleges  shall  be  annually  paid  on  or  before  the 
thirtv-first  dav  of  Tulv  of  each  vear,  bv  the  secretarv  of  the 
treasury,  upon  the  warrant  of  the  secretary  of  the  mterior, 
out  of  the  treasury'  of  the  United  States,  to  the  state  or  ter- 
ritorial treasurer,  or  to  such  officer  as  shall  be  designated  by 
the  laws  of  such  state^or^territor^'^to  receive  the  same,  who 
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shall,  upon  the  order  of  the  trustees  of  the  college,        *        * 

*  immediately  pay  over  said  sums  to  the  treasurers  of  the 
respective  colleges  or  other  institutions  entitled  to  receive 
the  same,  and  such  treasurers  shall  be  required  to  report  to 
the  secretary  of  agriculture  and  to  the  secretary  of  the  in- 
terior, on  or  before  the  first  day  of  September  of  each  year,  a 
detailed  statement  of  the  amount  so  received  and  of  its  dis- 
bursement. The  grants  of  money's  authorized  by  this  act 
are  made  subject  to  the  legislative  assent  of  the  several 
states  and  territories  to  the  purpose  of  said  gi-ants.        *        * 

Sec.  3.  *  *  *  An  annual  report  by  the  presi- 
dent of  each  of  said  colleges  shall  be  made  to  the  secretary  of 
agriculture,  as  well  as  to  the  secretary  of  the  interior,  re- 
garding the  condition  and  progress  of  each  college,  including 
statistical  information  in  relation  to  its  receipts  and  expen- 
ditures, its  library,  the  number  of  its  students  and  professors, 
and  also  as  to  any  improvements  and  experiments  made 
under  the  direction  of  any  experiment  stations  attached  to 
said  colleges,  with  their  costs  and  results,  and  such  other  in- 
dustrial and  economical  statistics  as  may  be  regarded  as 
useful,  one  copy  of  which  shall  be  transmitted  by  mail  free  to 
all  other  colleges  further  endowed  under  this  act. 

Sec.  4.  That  on  or  before  the  first  dav  of  Julv  in  each 
year,  after  the  passage  of  this  act,  the  secretary  of  the  in- 
terior shall  ascertain  and  certify  to  the  secretary  of  the 
treasury  as  to  each  state  and  territory  whether  it  is  entitled 
to  receive  its  share  of  the  annual  appropriation  for  colleges, 

*  *  *  under  this  act,  and  the  amount  which  there- 
upon each  is  entitled,  respectively,  to  receive.  *  *  ♦ 
And  the  secretary  of  the  interior  is  hereb}-  charged  with  the 
proper  administration  of  this  law. 

• 

STATE  AID  FOR  IMPROVEMENTS. 

The  manifest  design  of  the  national  government  in 
making  appropriations  under  the  Hatch  Act  and  the  Morrill 
Act  was  to  supplement  the  efforts  of  the  various  states  and 
territories  along  the  lines  of  practical  education.  It  was  no 
part  of  the  intention  of  those  responsible  for  these  acts  to 
provide  in  whole  for  funds  to  establish  these  institutions.  To 
the  contrary,  the  laws,  and  the  interpretation  of  the  same 
by  the  officials  of  the  United  States  treasury,  is  that  lands 
and  buildings  (except  $3,000  of  the  first  gear's  appropria- 


14         THE  MONTANA  EXPERIIMENT  STATION. 

_  •  

tion  under  the  Hatch  Act,  and  $750  each  year  thereafter, 
may  be  used  in  construction  and  repair  of  station  buildings,) 
fuel,  janitor  service,  and  furniture  must  be  provided  other- 
wise than  by  government  funds;  and  the  material  \vork  of 
this  Station  must  depend  largely  upon  state,  or  other  public 
or  private  aid. 

The  establishment  of  suitable  fann  buildings,  for  labor, 
bams  for  work  horses  and  experiments  in  feeding,  dair}', 
poultry  and  swine  buildings,  all  prime  essentials  to  the 
successful  prosecution  of  agrictiltural  experimentation  of 
prime  importance  to  the  state,  rest  and  depend  upon  the 
financial  aid  that  must  be  extended  to  the  Station  by  the 
State  of  Montana. 

At  the  present  writing  the  director  and  horticulturist, 
the  agriculturist  and  botanist,  and  the  veterinary  surgeon, 
are  provided  quarters  by  the  courtesy  of  the  school  board  of 
the  city  of  Bozeman  in  the  high  school  building,  and  the 
chemist  is  stationed  in  the  building  formerly  occupied  In-  the 
Bozeman  Academv. 


FARMERS*  INSTITUTES. 

The  members  of  the  Station  staff  have  been  engaged  a 
large  part  of  the  time  upon  institute  work,  having  conducted 
farmers' institutes  at  the  following  points:  Bozeman,  Spring 
Hill,  Manhattan,  Willow  Creek,  South  Boulder,  Whitehall, 
Waterloo,  Sheridan,  Twin  Bridges,  Ennis,  Meadow  Creek, 
Townsend,  Great  Falls,  Stevens ville,  Hamilton  and  Alis- 
soula.  At  the  majorit\'  of  these  points  a  warm  interest  has 
been  displayed  by  the  farmers  in  the  work,  and  there  is  good 
promise  of  beneficial  results  from  the  work. 

This  work  is  independent  of  the  regular  routine  work  of 
the  staff,  and  has  voluntarilv  been  assumed  and  carried  on 
for  the  following  reasons:  First,  The  depression  attendant 
upon  adverse  legislation  upon  the  silver  mines  and  the  sheep 
industry,  compel  the  development  of  other  industries,  and 
that  of  aerricultuie  being  the  most  promising  and  beneficial 
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to   the  state,  demands  the  attention  especially  of  Station 
workers. 

Secondy  The  efficiency  of  the  Station  can  best  be  served 
b}'  the  intimate  acquaintance  of  the  staff  with  the  farmers  in 
the  various  sections  of  the  state,  and  a  personal  stud}-  of  the 
conditions  governing  the  various  localities.  Aside  from  the 
results  to  the  localities  visited,  the  information  acquired  by 
the  staff  has  been  ample  to  warrant  the  effort. 


AGRICULTURAL  DEPARTMENT. 

The  work  of  the  Agricultural  Department,. for  the  pres- 
ent, will  be  confined  to  the  following  lines: 

(1)  The  adaptation  and  value  of  the  different  cereals, 
grasses  and  other  forage  plants;  incident  to  this,  the  treat- 
ment for  smuts  in  wheat  and  oats,  preparation  of  the  seed- 
bed, time  and  methods  of  seeding,  a  comparative  test  of  va- 
rieties, and  the  use  of  stable  manures. 

(2)  Some  of  the  various  unsettled  questions  of  irriga- 
tion, viz.:  The  economic  vise  of  water,  its  effect  on  the  fer- 
tility' of  the  soil  and  on  the  quality  of  various  crops,  espec- 
ially hard  wheat.  Also  the  effect  of  ])revious  crops  and 
cultivation  on  the  quantity  of  water  required. 

(3)  Feeding  experiments,  with  special  reference  to  eco- 
nomic meat  and  milk  production  from  Montana  foods. 

(4)  Dairying;  experiments  in  handling  and  testing  milk, 
creaming,  churning,  feeding,  improvement  of  the  Montana 
cow  for  dairy  pui*poses,  and  any  other  work  that  will  tend 
to  encourage  and  develop  dairy  husbandry  in  this  state. 

(5)  Potato  culture;  time  and  methods  of  seeding  and 
cultivating,  best  effects  of  irrigation,  and  the  prevention  of 
disease. 


DEPARTMENT  OF  VETERINARY  SCIENCE. 

In  the  Department  of  Veterinary'  Science  it  is  intended  to 
conduct  experiments  with  animal  diseases,  especially  with 
those  peculiar  to  Montana  and  other  Rocky  mountain 
states,  with    a  view  to  learning,  if  possible,  the  causes  of 


16         THE  MONTANA  EXPERIMENT  STATION. 

these  affections,  and  some  practical  means  for  their  prevention,. 

As  e^rh'  as  circumstances  will  permit,  it  is  intended  to 
provide  suitable  buildings  and  equipment  upon  the  Station 
farm,  where  animal  diseases  may  be  advantageously  studied 
at  all  seasons  of  the  year.  For  the  present,  however,  the 
work  must  ,l>e  largely  confined  to  field  investigations,  the 
Veterinarian  visiting  from  time  to  time  interesting  outbreaks 
of  animal  disease,  in  so  far  as  circumstances  and  other  duties 
may  permit,  and  making  personal  investigations. 

In  order  that  such  work  may  prove  of  the  greatest  value 
to  the  live  stock  interests  of  the  state,  the  hearty  co-oix^ra- 
tion  of  stock  bwnei-s  is  essential.  It  is  consequently  desired 
that  persons  owning  or  having  knowledge  of  animals  af- 
fected with  some  ]>revalent  form  of  disease,  the  nature  and 
cause  of  which  is  unknown,  will  promptly  communicate  all 
known  facts  regarding  the  disease  to  the  Station  Veterina- 
rian, so  that  he  may  learn  of  the  prevalence  of  these  diseases 
in  the  various  localities  of  the  state,  and  be  in  a  position  to 
select  the  most  favorable  localities  for  jK^rsonal  investiga- 
tions regarding  the  nature  of  the  various  affections. 

DEPARTMENT  OF  CHEMISTRY. 

The  Dcjiartnient  of  Chemistry  will  be  occu])ied  with 
work,  in  conjunction  with  the  Agriculturist,  in  the  analysis 
of  foods  used  in  stock  feeding  experiments,  for  the  puri)ose  of 
showing  the  relative  value  of  the  varioui>  native  grasses,  and 
of  other  cattle  foods  grown  in  the  state. 

A  chemical  examination  of  the  so-called  **loco"  weeds, 
with  their  effects  upon  domestic  animals,  is  projected  by  the 
Veterinarian  and  Chemist  conjointly. 

A  detailed  study  of  the  soils  of  the  state  will  extend  over 
a  considerable  period,  and  include  samples  from  all  parts  of 
the  State.  Directions  for  taking  such  samples  will  be  dis- 
tributed as  early  as  possible. 

Other  work  to  be  done  is  in  the  line  of  analvsis  of  dairv 
products,  milk,  butter  and  cheese,  with  the  aim  of  improv- 
ing both  stock  and  product. 
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SMUTS  OF  WHEAT,  OATS  AND  BARLEY. 


BY  LUTHER  FOSTER. 

EXTENT  OF  DAMAGE. 

The  smuts  of  the  small  grains,  especialh^  of  wheat  and 
oats,  is  a  subject  of  more  than  ordinary  importance  to  the 
farmers  of  this  St^t^,  because  of  the  large  annual  loss  that 
may  be  easily  prevented,  at  little  expense,  when  the  nature 
of  the  disease  and  the  manner  of  infecting  the  plant  are  well 
understood. 

In  Bulletin  15,  of , the  Kansas  Station,  Professors  Keller- 
man  and  Swingle  report  as  a  result  of  numerous  counts 
made  in  oat-fields,  on  different  kinds  of  soil  in  that  State,  an 
average  annual  loss  of  13  per  cent.  Figuring  on  this  basis 
they  show  the  loss  from  loose  smut  in  oats,  in  that  State 
alone  for  the  three  years,  1888,  1889,  1890,  reached  the 
enormous  sum  of  over  six  million  two  hundred  thousand 
dollars.  They  report  the  damage  from  stinking  smut  in 
wheat  at  a  much  higher  per  cent.,  in  some  cases  destroying 
more  than  half  of  the  crop. 

Prof.  Arthur,  in  Bulletin  35,  of  the  Indiana  Station, 

says: 

**The  Experiment  Station  is  cautious  about  the  seed 
used  on  its  farm,  yet  by  actual  count  in  different  parts  of 
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several  fields,  the  oat  crop  showed  18.4  per  cent,  of  smut. 
But,  on  account  of  the  contracted  heads  and  short  straw  of 
the  affected  plants,  these  fields  did  not  appear  noticeably 
smutty,  and  would  not  have  suggested  to  a  casual  observer 
anything  unusual  or  especially  indicative  of  loss." 

Estimating  the  average  loss  of  the  State  at  10  per  cent., 
only  slightly  more  than  half  the  rate  determined  by  actual 
count,  he  reports  the  loss  from  smut,  in  the  Indiana  oat 
crops  of  1889  and  1890,  as  a  trifle  less  than  five  million 
bushels.  In  Bulletin  32,  on  treatment  for  smut  in  wheat,  he 
reports  that  a  loss  of  one-half  the  crop  in  certain  fields  has 
not  been  uncommon  and  that  a  careful  inspection  shows 
many  fields  affected  where  smut  was  not  supposed  to  exist. 

As  U.  S.  Commissioner  of  Agriculture,  Hon.  Norman  J. 
Colman,  after  making  a  careful,  comprehensive  investiga- 
tion of  the  subject,  said  in  his  report: 

**We  may  safely  assume  that  the  value  of  the  wheat  and 
com  annually  destroyed  in  this  country  by  diseases  induced 
by  fungi  is  not  less  than  $200,000,000.'' 

Farmers'  Bulletin  No.  5,  issued  by  the  U.  S.  Agricultural 
Department,  estimates  that  a  universal  system  of  seed 
treatment  in  the  United  States  would  have  saved  the  farm- 
ers a  net  amount  of  $162,457,000,  from  1880  to  1890,  on 
the  oat  crop  alone. 

Hon.  A.  C.  Clausen,  chief  grain  inspector  of  Minnesota, 
reports  thirty  per  cent.  .  of  the  100,000,000  bushels  of 
wheat  marketed  in  the  Northwest  in  1893,  as  smutty  aiid 
a  consequent  loss  of  two  to  twelve  cents  per  bushel  on 
all  such  damaged  grain.  This,  taking  the  average,  seven 
cents  per  bushel,  indicates  a  loss  of  seven  million  dollars 
directly  to  the  farmers  of  this  section  on  the  one  season's 
wheat  crop. 

It  will  be  seen  that  Mr.  Clausen's  estimate  does  not 
include  the  loss  in  yield  caused  by  the  smut  and  that  in 
most  of  the  other  reports  the  loss  in  3rield  alone  is  considered 
and  no  account  taken  of  the  lower  market  value.  The  dis- 
ease, then,  results  in  a  double  loss,  especially  to  the  wheat 
crop,  coming  from  a  smaller  yield  and  a  less  price  per  busheL 
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The  finely  powdered  smut  scattered  through  the  wheat  in 
threshing  and  the  penetrating,  oflFensive  odor  that  it  gives, 
cannot  be  Completely  removed  by  any  milling  process,  hence 
the  market  value  is  lessened. 

Since  all  of  the  estimated  losses  given  above  are  deduced 
from  only  one  or  the  other  of  these  two  equally  important 
sources,  one  may  safely  conclude  that  the  estimates  are  none 
too  great.  In  my  own  experiments  at  the  South  Dakota 
Station,  I  found  that  the  varieties  of  soft  wheat  were  dam- 
aged to  a  greater  extent  than  those  of  the  hard  and  seemed 
more  susceptible  to  the  disease.  Considering  this  and  the 
fact  of  the  soft  varieties  being  largely  grown  in  this  State, 
our  gain  from  the  general  eradication  of  smuts  would  be 
proportionately  as  great  as  in  any  of  the  States  referred  to 
above. 

All  Experiment  Station  authorities  agree  that  the  dis- 
ease may  be  eflfectually  eradicated  with  very  little  outlay 
except  in  labor,  and  the  enormous  aggregate  annual  loss  be 
thus  saved  to  the  grain  growers. 

Since  the  law  of  Congress  provides  for  the  dissemination 
of  useful  knowledge  by  the  Stations  other  than  that  result- 
ing from  their  own  investigations,  I  shall  endeavor  to  place 
in  the  hands  of  Montana  fanners  such  practical  information 
on  this  subject  as  can  be  derived  from  experiments  made 
elsewhere,  both  bv  mvself  and  other  Station  workers. 


CAUSE  OF  THE  DISEASE. 

The  disease  is  caused  by  a  parasitic  fungus  which  grows 
in  the  tissues  of  the  plant  and  feeds  upon  its  juices,  finally 
converting  the  nourishment  intended  for  the  production  of 
grain  into  dark  masses  of  minute  spores  known  as  smut. 

The  spores  which  serve  the  same  purpose  as  seeds,  are 
exceedingly  small  and  can  be  seen  only  by  the  aid  of  the 
microscope.  These  spores  are  scattered  by  the  winds,  in 
the  field  or  during  threshing,  and  become  attached  to  the 
grains.    When  the  seed  is  sow^n,  the  spores  of  smut  germi- 
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tiate  and  send  out  minute  threads,  which  enter  the  delicate 
young  plant.  These  threads  penetrate  all  parts  of  the  stem, 
their  growth  keeping  pace  with  that  of  the  plant,  until  thcA" 
enter  the  head  and  produce  an  immense  number  of  spores  in 
the  places  that  otherwise  would  have  been  filled  with  grains. 
The  loose  smuts  are  not  confined  to  the  grain,  the  whole 
head  or  panicle  usually  being  destroyed  as  well. 


STINKING  SHUT  OF  WHEAT. 

This  disease  is  also  known  in  some  localities  as  bunt,  or 
hard  smut.  It  is  always  readily  detected  by  its  peculiar, 
offensive  odor,  and  the  miller  depends  on  this  characteristic 
to  determine  its  presence  in  wheat  offered  for  milling.  In 
the  grain  field,  before  the  plants  have  headed  out,  it  can 
only  be  detected  by  an  expert  and  even  then  it  is  ordinariK" 
overlooked.  The  infected  heads  differ  but  little,  if  any,  from 
the  healthy  ones  until  the  grain  has  swollen  and  broken 
open  the  chaff,  exposing  the  grayish-brown  or  dark  kernel 
within. 

Very  little  smut  is  sufficient  to  condemn  wheat  for  mill- 
ing purposes,  on  account  of  the  penetrating,  fetid  odor  and 
the  dark  color  it  gives  the  flour.  It  ma}^  not  only  greath' 
reduce  the  yield,  but  also  materially  damage  the  milling 
qualities  of  the  harvested  product,  rendering  it  unsalable 
and  worthless  for  flour  making. 


LOOSE  SMUTS. 

There  are  two  quite  distinct  classes  of  smuts;  the  stink- 
ing smut,  described  above,  which  is  found  onlj^  in  wheat, 
and  the  loose  or  black  smut,  which  attacks  all  the  small 
grains,  but  confines  its  principal  injury  to  the  oat  crop. 
The  loose  smut  is  not  confined  to  the  grains  as  the  stinking 
smut,  but  frequently  converts  the  whole  head  into  a  loose 
mass  of  spores,  leaving  scarcely  enough  tissue  to  hold  it 
together. 
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Before  heading  out,  the  diseased  plants  wotdd  not  usu- 
ally be  considered  as  differing  from  those  not  affected. 

After  the  smut  makes  its  appearance,  it  develops  very 
rapidly  and  soon  ripens.  Under  the  influence  of  wind  and 
rain  it  gradually  disappears,  usually  leaving  the  stalks  bare 
long  before  the  grain  ripens.  These  loose  spores,  blown 
about  by  the  wind,  attach  themselves  to  the  grains,  where 
they  remain  ready  to  germinate  with  them  when  planted. 


LOOSE  BARLEY  SMUTS. 

The  Kansas  Station's  report  on  ** Loose  Smuts  of 
Cereals,*'  discusses  two  kinds  of  barley  smut,  the  covered 
and  the  naked.  From  this  we  learn  that  the  covered  barley 
smut  differs  from  all  other  loose  smuts,  in  that  the  attacked 
panicle  is  not  at  once  converted  into  a  powdery  mass  b}'  the 
escape  of  the  smut,  but  the  smut  remains  more  or  less  com- 
pletely inclosed  by  a  membrane  which  is  not  nearly  so 
fragile  as  in  the  case  of  the  open  barley  smut  or  the  loose 
smut  of  wheat  and  oats.  This  membrane  retains  the  smut 
for  some  time,  finally  allowing  it  to  escape  through  rents 
and  fissures.  The  spores  themselves  seem  more  or  less 
firmly  glued  together,  preventing  their  rapid  escape.  On 
account  of  this  adhering  quality  and  its  tendency  to  remain 
inclosed,  it  is  not  blown  about  by  the  winds  and  is  much 
less  infectious  than  other  smuts. 

The  naked  barley  smut  is  more  common.  It  resembles 
the  loose  smuts  of  wheat  and  oats  in  converting  the  whole 
panicle  into  a  loose  powdery  mass  of  spores  which  are  read- 
ily scattered  by  the  winds. 

The  covered  smut  is  readily  killed  by  treating  with 
copper  sulphate  or  hot  water,  the  same  as  in  wheat  and 
oats. 

For  naked  barley  smut,  Kellerman  and  Swingle  strongly 
recommend  the  following  treatment,  based  on  the  numerous 
experiments  of  Jensen : 

**Soak  the  barley  seed  four  hours  in  cold  water  and  then 
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let  it  stand  four  hours  longer  in  a  wet  sack.  Finally  dip  and- 
drain  as  directed  in  the  treatment  for  oat  smut  for  five 
minutes  in  water  of  a  temperature  of  126°  to  128°  F.,  after 
which  dry  and  plant  as  in  case  of  oats. 

**The  temperature  must  not  be  above  128°,  since  the 
soaked  seed  would  then  be  injured,  and  not  below  126°,  for 
then  not  all  the  smut  would  be  killed.  Both  vessels  should 
contain  water  of  this  temperature.  Instead  of  soaking  four 
hours  and  letting  the  seed  stand  four  hours  longer  in  a  wet 
sack,  it  may  be  simply  soaked  eight  hours,  drained  and  then 
treated  with  hot  water.** 


METHODS  OF  TREATMENT. 

The  treatment  is  based  on  the  belief  that  the  main 
source  of  smut  lies  in  the  spores  attached  to  the  seed  and 
that  the  likelihood  of  infection  from  smut  left  on  the  ground 
from  the  previous  crop  is  very  slight.  The  treatments 
recommended  are  such  as  will  kill  the  smut  spores 
adhering  to  the  seed  without  material  damage  to  the 
fertility  of  the  grain.  The  two  processes  best  known  are  the 
Copper  Sulphate  and  the  Hot  Water  treatments,  either  of 
which,  properly  carried  out,  is  entirely  successful. 


COPPER  SULPHATE  (BLUE-VITRIOL)  TREATMENT. 

This  is  np  doubt  the  simplest  and  perhaps  the  most 
universal  method,  still  it  must  be  admitted  that  it  lessens  in 
some  degree  the  germinating  power  of  the  seed. 

Different  experimenters  advocate  solutions  varying  much 
in  strength.  The  grain  must  remain  immersed  a  number  of 
hours  in  the  weak  solutions  while  only  a  few  minutes  in  the 
strong.  In  my  own  experiments,  the  following  plan  proved 
very  successful: 

Make  a  solution  using  eight  ounces  of  blue-stone  to  one 
gallon  of  water.  This  will  be  enough  to  thoroughly  wet  up 
about  four  bushels  of  grain.    The  solution  may  be  made  very 
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rapidly  by  using  warm  water  and  breaking  the  blue-stone 
into  fine  particles.  Spread  the  grain  on  a  clean  floor  or  in  a 
tight  wagon  box  and  apply  the  solution  with  a  sprinkler. 
Stir  the  grain  during  the  application  and  long  enough  after- 
ward to  bring  every  kernel  in  contact  with  the  solution. 

If  the  grain  be  well  spread  out  after  treatment  and 
stirred  occasionally,  it  will  be  ready  to  drill  in  a  few  hours. 
Many  follow  the  plan  of  treating  the  grain  each  evening  for 
the  next  da3''*s  sowing. 

Dipping  the  grain  into  the  solution  will,  of  course, 
answer  the  same  purpose,  if  the  sack  or  dipping  vessel  is 
agitated  sufliciently  to  wet  the  kernels  evenly. 


HOT  WATER  TREATHENT. 

The  discovery  of  this  remedy  was  made  by  a  Danish 
scientist,  Prof  J.  L.Jensen,  of  Copenhagen,  and  after  him  it 
is  usually  called  the  '*Jensen  method''. 

The  following  are  the  directions  for  treating  oats  by  this 
method,  as  published  by  the  Kansas  Station : 

**The  hot-water  treatment  consists  in  immersing  the  seed 
which  is  supposed  to  be  infected  with  smut,  for  a  few  minutes 
in  scalding  water.  The  temperature  must  be  such  as  to  kill 
the  smut  spores,  and  the  immersion  must  not  be  prolonged 
so  that  the  heat  would  injure  the  germ  or  embrj'o  concealed 
within  the  seed-coats.  If  the  water  is  at  a  temperature  of 
132H°  F.,  the  spores  will  be  killed,  and  yet  the  immersion,  if 
not  continued  beyond  fifteen  minutes,  will  not  in  the  least 
injure  the  seed.  The  smut  spores  will  possibly  be  killed  by 
ten  minute's  immersion.  A  fifteen-minute  immersion,  how- 
ever, is  recommended.  The  temperature  must  be  allowed  to 
vary  but  little  fi-om  132%°,  in  no  case  rising  higher  than 
135°,  nor  falling  below  130°.  To  insure  these  conditions 
when  treating  large  quantities  of  seed,  the  following  sugges- 
tions are  offered : 

**Provide  two  large  vessels,  as  two  kettles  over  a  fire,  or 
boilers  on  a  cook-stove;  the  first  containing  warm  water 
(say  110° — 130°),  the  second  containing  scalding  water 
(132V2°). 

**The  first  is  for  the  purpose  of  warming  the  seed  prepar- 
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atory  to  dipping  it  into  the  second.  Unless  this  precaution 
is  taken,  it  will  be  difficult  to  keep  the  water  in  the  second 
vessel  at  a  proper  temperature. 

**The  seed  which  is  to  be  treated  must  be  placed,  a  half 
bushel  or  more  at  a  time,  in  a  closed  vessel  that  will  allow 
free  entrance  and  exit  of  water  on  all  sides.  For  this  pur- 
pose a  bushel  basket  made  of  heavy  wire  could  be  used, 
within  which  spread  wire  netting,  say  12  meshes  to  theinch; 
or  an  iron  frame  could  be  made  at  a  trifling  cost,  over  which 
the  wire  netting  could  be  stretched.  This  would  allow  the 
water  to  pass  freeh'-,  and  yet  prevent  the  passage  of  the  seed. 
A  sack  made  of  loosely- woven  material  (as  gunny-sack) 
could  perhaps  be  used  instead  of  the  wire  basket.  A  perfor- 
ated tin  vessel  might  be  preferable  to  any  of  the  above. 

•'Now  dip  the  basket  of  seed  in  the  first  vessel;  after  a 
moment  lift  it ;  and  when  the  water  has  for  the  most  x^art 
escaped,  plunge  it  into  the  water  again,  repeating  the  opera- 
tion several  times.  The  object  of  the  lifting  and  plunging,  to 
which  might  be  added  also  a  rotary  motion,  is  to  bring  everj' 
grain  in  contact  with  the  hot  water.  Less  than  a  minute  is 
required  for  this  preparatory'  treatment,  after  which  plunge 
the  basket  of  seed  into  the  second  vessel.  If  the  thermome- 
ter indicates  that  the  temperature  of  the  water  is  falling, 
pour  in  hot  water  until  it  is  elevated  to  132Vi°.  If  it  should 
rise  higher  than  132°,  add  small  quantities  of  cold  water. 
This  will  doubtless  be  the  most  effectual  method  of  keeping 
the  proper  temperature,  and  requires  only  the  addition  of 
two  small  vessels — one  for  cold  and  the  other  for  boiling 
water.  The  basket  of  seed  should,  very  shortly  after  its  im- 
mersion, be  lifted,  and  then  plunged  and  agitated  in  the 
manner  described  above;  and  the  operation  should  be  re- 
peated eight  to  ten  times  during  the  immersion  (which 
should  be  continued  fifteen  minutes).  In  this  way  every 
portion  of  the  seed  will  be  subjected  to  the  action  of  the 
scalding  water.  Immediately  after  its  removal  dash  cold 
water  over  it,  or  plunge  it  into  a  vessel  of  cold  water,  and 
then  spread  out  to  drj'.  Another  portion  can  be  treated 
similarly,  and  so  on  till  all  the  seed  has  been  disinfected. 
Before  thoroughly  dry,  the  seed  can  be  sown, 

**The  important  precautions  to  be  taken  are  as  follows : 
1st.  Maintain  the  proper  temperature  of  the  water  (132Vi° 
Fahr.),  in  no  case  allowing  it  to  rise  higher  than  135°  or  to 
fall  lower  than  130°.  This  will  not  be  difficult  to  do  if  a 
reliable  themometer  is  used  and  hot  or  cold  water  be  dipped 
into  the  vessel  as  the  rising  or  falling  temperature  demands. 
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Immersion  fifteen  minutes  will  not  then  injure  the  seed.  2d. 
See  that  the  Volume  of  scalding  water  is  much  greater  (at 
least  six  or  eight  times)  than  that  of  the  seed  treated  at  an3' 
one  time.  3rd.  Never  fill  the  basket  or  sack  containing  the 
seed  entirely  fiall,  but  always  leave  room  for  the  grain  to 
move  about  fi-eely.  4th.  Leave  the  seed  in  the  second  vessel 
of  water  fifteen  minutes.^^ 

The   same   authorities  recommend  that  for   wheat  the 

temperature  be  maintained  at  131°  F.,  instead  of  132%°  F.; 

otherwise  the  method  is  the  same. 


POTASSlUn  SULPHIDE  TREATHENT  FOR  OATS. 

Experiments  at  the  Kansas  Station  leave  no  doubt  as  to 
the  efficacv  of  this  treatment  for  loose  smut  in  oats,  since  it 
completely  destroyed  the  smut,  without  in  any  way  damag- 
ing the  vitality  of  the  seed. 

In  Bulletin  15  of  that  Station,  this  treatment  is  repre- 
sented as  nearly,  if  not  quite,  as  good  as  the  hot  water 
treatment  for  oats. 

Since  this  method  may  prove  more  convenient  than  the 
Jensen  treatment,  for  those  who  sow  small  quantities  of 
oats,  it  is  given  here  as  detailed  in  Fanners*  Bulletin  No.  5 
of  the  United  States  Agricultural  Department. 

**In  this  treatment  the  seed  is  left  twenty-four  hours  in 
a  one-half  per  cent,  solution  of  potassium  sulphide.  The 
published  experiments  seem  to  show  that  a  weak  solution  of 
potassium  sulphide  is  nearly  as  good  as  the  hot  water.  The 
potassium  sulphide  is  cheapest  in  the  "fiased  "  condition,  in 
which  form  it  costs  about  25  cents  a  pound.  One  pound  of 
the  sulphide  should  be  dissolved  in  24  gallons  of  water. 
Place  the  seed  in  a  wooden  vessel  and  pour  on  the  solution 
till  the  seed  is  covered  several  inches  deep.  Stir  the  solution 
before  pourine  it  on  the  grain  and  thoroughly  mix  the  seed 
several  times  before  taking  it  out  of  the  solution.  The  oats 
should  stand  in  the  solution  twenty-four  hours,  after  which 
they  may  be  spread  out  to  dry.  The  solution  gradually 
loses  its  strength  and  hence  cannot  be  used  more  than  three 
or  four  times  without  being  renewed. 

It  will  probably  be  best  to  sow  the  seed  as  soon  as 
possible  ana  before  it  becomes  thoroughly  dry. 
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Soaking  the  seed  twelve  hours  in  a  solution  of  twice  the 
strength  will  no  doubt  prove  effectual." 


DISCUSSION  OF  nETH0D5. 

Kellerman  and  Swingle,  of  Kansas  Station : 

**The  treatment  of  seed  with  hot  water  by  the  Jensen 
method  completely  prevented  the  smut  in  every  case,  and 
improved  rather  than  diminished  the  germinating  power  of 
the  seed  and  the  vigor  of  the  plant." 

**  Treatment  of  seed  oats  with  hot  water  or  with  potas- 
sium sulphide,  both  prevents  the  smut  and  increases  the 
^-ield.  It  increases  the  yield,  however,  not  merely  by  the 
amount  which  equals  the  grain  actually  destroj^ed  by  the 
smut,  but  by  at  least  twice  that  amount." 

** Treatment  with  a  solution  of  copper  sulphate,  4  ounces 
to  the  gallon,  for  18  hours,  prevented  the  smut  but  greatly 
injured  the  seed." 

**Of  the  many  forms  of  the  treatment  (copper  sulphate) 
in  use,  perhaps  the  best  is  to  immerse  the  seed  12  to  15 
hours  in  a  one-half  per  cent,  solution  and  then  put  the  seed 
for  five  or  ten  minutes  in  lime  water.  This,  if  properly 
carried  out,  will  prevent  the  smut,  with  but  little  mjury  to 
the  crop.  But  the  genninating  power  of  the  seed  is  some- 
what lessened,  and  in  many  cases  the  young  plants  are 
weakened  by  this  treatment." 

**We  account  ior  the  increased  yield  above  the  amount  of 
direct  damage  from  smut  by  assuming  that  the  Jensen  treat- 
ment caused  the  seed  to  germinate  better.  Jensen  gives  a 
similar  view,  saying  *I  suppose  this  remarkable  fact  must  be 
due  to  a  greater  vegetative  energy  in  the  treated  seed.'  " 

**In  all  ordinary  cases  the  disease  can  be  entireh'^  prevent- 
ed bv  treating  the  seed  (oats)  15  minutes  in  water  raised  to 
a  temperature  of  132y2°  F." 

** Stinking  smut  of  wheat  is  effectually  prevented  by 
treating  the  seed  with  water  at  a  temperature  of  131°  F.,  15 
minutes.  For  cheapness,  as  well  as  for  greater  efficiency, 
without  injurj'  to  seed,  this  is  recommended  above  all  other 
fungicides." 

**Soi]  treated  with  manure  and  smut  the  previous  Aug- 
ust and  also  soil  simplj^  smutted  at  the  same  time,  actually 
gave  a  less  per  cent,  of  smut  than  untreated  soil.  This  re- 
sult is  unexplainable,  unless  it  can  be  referred  to  the  immedi- 
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ate  plowing  which  the  other  plots  did  not  receive." 
Prof.  Ingersoll,  of  Neb.,  in  Bulletin  No.  32  says: 

**The  following  is  the  prescription: 

*'4  ounces  of  blue- vitriol  (copper  sulphate). 

*'l  gallon  of  water. 

**FiTl  a  barrel  two-thirds  full  of  the  solution.  Dip  the 
wheat  thoroughly  so  that  all  the  wheat  grains  are  well 
soaked ;  ten  minutes  will  probably  suffice.  Use  a  gunny  sack 
or  some  other  old  sack  and  arrange  a  drip  shelf  so  that  the 
fluid  drip  will  run  back  into  the  barrel.  Renew  the  strength 
of  the  solution  and  the  quantity  from  time  to  time  so  as  to 
do  the  work  with  thoroughness.  The  smut  may  not  all 
leave  the  first  year,  but  two  or  three  years  of  persistent  effort 
will  cause  it  to  succumb  and  be  practically  annihilated.  Hot 
water  and  other  remedies  have  been  recommended,  but  an 
experience  of  nine  years,  where  this  treatment  of  seed  was 
persisted  in  by  the  best  farmers,  shows  a  uniformity  of  good 
results,  and  that  the  above  formula  is  an  excellent  remedy." 

Prof.  Arthur,  of  Ind.,  and  Prof.  BoUey,  of  N.  D..  both 
recommend  a  copper  sulphate  solution  of  one  pound  to  a 
gallon  of  water  and  an  immersion  of  five  minutes. 

Prof.  Arthur  says.  Bulletin  Nos.  32  and  35: 

"The  copper  sulphate  treatment  consists  in  dipping  the 
seed  into  a  solution  of  one  pound  to  one  gallon  of  water, 
letting  it  remain  five  minutes  with  constant  stirring  to  wet 
the  grain  evenly,  and  then  spreading  on  the  floor  to  dry,  or 
shoveKn^  over  with  the  addition  of  land  plaster  or  slacked 
lime  until  drv.*' 

**This  treatment  will  prevent  all  or  nearly  all  occurrence 
of  smut  in  the  crop  following,  it  will  also,  however,  some- 
what retard  the  early  growth  of  the  grain,  and  may  some- 
what decrease  the  vield . '  * 

Concerning  the  Jensen  method  he  says: 

"From  all  the  data  at  handf  we  arrive  at  the  conclusion 
that  to  treat  seed  wheat  with  hot  water  in  order  to  prevent 
smut  it  should  be  immersed  for  five  minutes  in  water  at  135° 
F.;  if  the  temperature  drops  below  this  point  the  seed  should 
be  left  in  the  water  a  little  longer  time,  and  if  the  tempera- 
ture rises  above  it,  the  time  should  be  shortened.  A  greater 
variation  than  five  degrees  above  or  below  the  135°  F., 
should  be  guarded  against.'* 

The  following  concludes  his  bulletin  on  loose  smut  of 
oats: 
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**It  appears  from  the  preceding  results  obtained  from  the 
field  and  laboratory,  viewed  from  several  stand-points,  that 
there  can  be  no  question  of  the  superiority  of  the  hot  water 
treatment  over  the  copper  sulphate  one,  both  being 
thoroughly  efficacious  in  preventmg  smut  when  properly 
applied,  but  the  latter  retards  the  growth  and  decreases  the 
vield,  while  the  former  accelerates  the  growth  and  increases 
the  yield." 

Prof.  Hays,  of  the  Minn.  Station,  gives  the  following 

remedy  and  says  it  is  essentially  the  method  recommended 

by  Prof.  Saunders,  of  the  Canada  Station: 

'^Dissolve  one  pound  of  the  blue-stone  (copper  sulphate) 
in  a  pailful  and  a  half  of  water  (about  three  gallons),  and 
sprinkle  the  solution  on  about  ten  bushels  of  seed  wheat, 
previously  spread  in  a  tight  wagon  box,  or  on  a  clean  floor 
in  bam  or  house,  keeping  the  ^ain  constantl3'^  stirred  while 
the  solution  is  being  applied,  and  mixing  the  whole 
thoroughly  so  that  ever\'  kernel  of  wheat  may  be  wetted.  In 
a  verv  tew  hours  the  seed  will  be  in  good  condition  to  sow 
with  the  drill.'* 

The  following  is  quoted  from  Farmers'  Bulletin  No.  5,  of 

the  U.  S.  Agricultural  Department: 

**The  temperature,  for  wheat,  must  be  allowed  to  vary 
but  little  from  132Vi°,  in  no  case  rising  higher  than  135^ 
or  falling  below  130°.'' 

**With  oats  the  following  slight  modifications  are  prob- 
ably advantageous:  (1)  Have  the  water  in  the  second 
vessel  143%°  F.,  and  immerse  the  seed  five  minutes,  cooling 
with  cold  water  afterwards.  (2)  Have  the  water  in  the 
second  vessel  at  132*4°  F.,  immerse  the  seed  ten  minutes  and 
do  not  cool  with  cold  water,  but  spread  out.  at  once  to  dry. 
This  last  is  no  doubt  the  best  form  of  the  Jensen  treatment 
for  oats,  since  it  requires  a  shorter  time  than  the  regular 
method  and  the  warmth  of  the  grain  aids  it  mktferiaily  in 
drying."  * 

**The  copper  sulphate  treatment  consists  in  immersing 
the  seed  in  a  solution  made  by  dissolving  one  pound  of  com- 
mercial copper  sulphate  in  24  gallons  of  \vater  for  twelve 
hours  and  then  putting  the  seed  for  five  or  ten  minutes  into 
lime  water  made  by  slacking  one  pound  of  good  lime  in  ten 
gallons  of  water." 
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SUMMARY. 


1.  The  loss  occasioned  bj'  sowing  seed  contaminated 
with  smut  is  very  much  greater  than  is  usually  supposed. 
The  annual  damage  to  the  oat  crop  amounts  to  fully  ten 
per  cent.  The  injury  to  the  wheat  crop  is  much  greater,  the 
loss  coming  from  two  sources;  a  less  yield  per  acre  and  a 
lower  price  per  bushel  for  the  damaged  grain. 

2.  Smuts  are  due  to  the  development  of  minute  parasitic 
plants  which  grow  within  the  tissues  of  the  grain. 

The  disease  is  spread  by  spores  of  smut  adhering  to 
the  grains  before  they  are  sown.  This  contamination  may 
occur  in  the  field  through  the  wind  carrying  the  spores  from 
adjacent  smutted  crops,  or  during  the  threshing,  or  by  com- 
ing in  contact  with  any  receptacle  that  has  previously  con- 
tained smutted  grain.  '  In  general,  experimenters  believe 
there  is  little  danger  of  contamination  through  spores  in 
the  soil. 

3.  Stinking  smut  attacks  wheat  only.  Loose  smuts 
attack  all  of  the  small  grains,  but  that  of  the  oat  is  most 
damaging. 

4.  Clean  seed,  or  that  effectually  treated  for  smut,  will 
produce  a  crop  free  from  smut,  but  an  adjoining  smutty 
field  may  contaminate  this  grain  for  next  year's  crop.  The 
only  safeguard  is  careful  treatment  before  planting. 

5.  The  disease  in  wheat  may  be  entirely  prevented  by 
thoroughly  wetting  the  seed  in  a  solution  of  copper  sulphate, 
using  eight  ounces  to  a  gallon  of  water,  but  this  will  lessen 
in  some  degree  the  vitality  of  the  seed.  It  may  also  be 
effectually  prevented,  without  any  damage,  by  immersion 
for  fifteen  minutes  in  water  raised  to  a  temperature  of  131° 
to  135°  F. 

6.  Oat  smut  may  be  completely  prevented  by  treating 
the  seed  fifteen  minutes  in  water  raised  to  a  temjjerature  of 
132y2°  to  135°  F.     This  treatment  not  only  removes  the 
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smut  but  promotes  the  growth  and  increases  the  yield.    It 
may  also  be  prevented  without  injury  to  the  vitality,  bj' 
immersing  the  seed  twenty-four  hours  in  a  solution  of  potas-        ! 
sium  sulphide,  made  by  dissolving  one  pound  of  the  sulphide        t 
in  twenty-four  gallons  of  water. 

The  copper  sulphate  treatment,  used  for  wheat,  will 
effectually  kill  the  smut  in  oats,  but  will  in  some  degree 
damage  the  germinating  power  of  the  grain. 
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PIG  FEEDING. 


BY  Ll^THER  FOSTER. 


The  past  year  has  made  the  farmers  of  the  state  realize 
more  than  ever  before,  the  necessity  of  greater  diversity'  in 
farm  products.  Many  are  already  reducing  the  grain 
acreage  and  increasing  the  extent  of  meadows  and  other 
coarse  forage  crops  and  so  concentrating  the  product  of  the 
farm  into  pork,  beef  and  butter. 

In  the  interest  of  such  farmers,  especially  those  engaged 
in  pig  raising,  and  for  the  encouragement  of  others  who 
contemplate  such  a  change  in  their  farm  otttput,  this  bulle- 
tin is  issued. 

While  the  principles  of  feeding  here  given  apply  equally 
to  all  kinds  of  stock,  the  special  discussion  will  be  confined, 
in  the  main,  to  the  pig,  leaving  the  questions  of  feeding  for 
beef,  mutton  and  milk  production  to  future  bulletins. 

Our  own  Station  has  not  been  in  operation  a  sufficient 
length  of  time  for  any  experimental  feeding,  but  arrange- 
ments will  l)e  completed  within  a  few  weeks  for  beginning  a 
series  of  pig  feeding  experiments  covering  all  questions  of 
most  immediate  importance  to  the  farmers  of  the  state. 
The  present  bulletin  is  intended  to  be  preliminary'  to  this 
work. 
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The  results  of  feeding  experiments  at  other  Stations 
are  equally  applicable  in  this  state  as  far  as  they  cover 
Montana  foods  and  while,  in  a  large  portion  of  the  state, 
com  cannot  be  included  in  our  rations,  soft  wheat  may  be 
substituted  for  it.  It  will  be  seen  farther  on,  both  in  the 
table  of  compositions  and  from  the  results  of  experiments  in 
feeding,  that  wheat  alone  makes  a  far  better  balanced  ration 
than  corn  and  produces  pork  of  a  superior  quality.  Since  our 
average  yield  of  wheat  per  acre  as  given  by  the  United  States 
Agricultural  Department  is  almost  equal  to  the  average 
com  yield  of  some  of  the  pork  growing  states,  it  may  be  fed 
with  as  good  results  and  quite  as  economically  by  the 
Montana  farmer  as  can  the  com  bv  his  brother  farmer  of 
the  states  above  referred  to. 

As  indicated  above,  the  results  given  in  this  bulletin  will 
be  based  on  the  feeding  experiments  at  other  Stations,  in- 
cluding those  conducted  by  m3^self  at  the  South  Dakota 
Station,  where  little  com  is  grown  and  where  the  chief 
reliances  for  pig  foods  are  very  similar  to  those  of  Montana. 

This  state  at  present  produces  a  very  small  per  cent  of 
the  hams,  pork,  bacon  and  lard  consumed  within  her  bor- 
ders, one  single  firm  having  shipped  in  within  the  year  1893. 
over  $60,000  worth  of  the  pig  product.  The  home  grown 
pigs  are  not  sufficient  to  supply  our  meat  markets  with  the 
fresh  pork  and  sausage  demanded;  and  judging  from  the 
present  outlook,  all  the  pork  likely  to  be  produced  in  the 
state  will  in  no  way  affect  prices,  the  question  with  us  being, 
not  what  will  our  pork  bring  in  St.  Paul  and  Chicago,  but 
instead,  at  what  price  can  they  laj^  it  down  here.  The 
Montana  producer  will  always  have  in  his  favor  the  fi-eight 
rates  from  the  large  market  centers  to  the  state. 


FEEDING  TABLES. 


In  order  to  gain  a  correct  understanding  of  animal 
feeding,  a  careful  study  should  be  made  of  the  following 
tables  of  food  composition  and  feeding  standards.    These, 
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together  with  their  explanations,  are  taken  from  the  special 
report  of  the  United  States  Agriculttiral  Department,  on 
'diseases  of  cattle  and  cattle  feeding. 

* 'Table  I  presents  the  studies  of  chemists  both  in  this 
country  and  abroad,  summarized  and  placed  in  the  most 
available  condensed  form.  The  figures  giving  the  composi- 
tion of  fodders  are  in  most  cases  taken  from  the  compilation 
of  g^nalyses  of  American  fodders  by  Dr.  E.  H.  Jenkins  and 
A.  L.  Winton,  jr.,  first  published  in  Volume  II  of  the  Experi- 
ment Station  Record,  Department  of  Agriculture  (pp.  702- 
709).  That  portion  of  the  table  which  gives  the  digestible 
constituents  was  derived  from  the  first  part  of  the  table 
through  coeflScients  of  digestibility  given  b}'  Dr.  Jenkins  in 
the  Report  of  the  Connecticut  Experiment  Station  for  1886 
or  from  later  sources." 


WHAT  THE  TABLE  SHOWS. 

**This  table  looks  formidable  enough,  but  when  we  have 
studied  it,  column  by  column,  I  do  not  think  it  will  be  re- 
garded as  difiicult,  nor  will  its  contents  seem  dry  to  farmer 
readers.  In  the  first  column  are  given  the  names  of  fodders, 
all  of  which  are  used  in  some  portion  of  the  country  for 
stock-feeding  purposes;  next  to  this  comes  a  statement  of 
the  number  of  analyses  from  which  the  succeeding  average 
figures  are  derived. 

*' Water, — In  the  laboratorv  the  scales  of  the  chemist  are 
so  delicate  that  he  can  weigh  a  thimbleful  of  com  meal  with 
a  smaller  proportional  error  than  the  farmer  weighs  a 
wagon  load  of  com.  In  a  small  dish  on  these  scales  he 
places  a  sample  of  the  fodder  with  which  he  is  to  work  and 
determines  its  weight.  Placmg  this  in  an  oven  it  is  dried  at 
a  temperature  of  212°  F.  for  several  hours  and  weighed 
again.  The  heat  has  driven  off  the  water  and  the  difference 
in  the  two  weights  represents  the  water  which  the  sample 
c'ontained.  The  average  amount  of  water  found  in  the 
various  samples  in  the  list  is  placed  in  the  column  headed 
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*' Water."  It  will  be  seen  that  the  proportion  of  water  in 
the  different  feed  stuffs  varies  greatly.  In  100  pounds  of 
pasture  grass  there  are  75.3  pounds  of  water  on  an  average; 
with  roots  the  amount  reaches  as  high  as  90  pounds,  while 
for  straw  and  grain  it  varies  from  8  to  16  pounds  of  water 
per  hundred  weight.  Water  is  the  gi'eat  vehicle  for  trans- 
porting food  both  in  the  plant  and  animal  and  while  of 
the  highest  importance  to  both,  it  is  so  universal  .and 
abundant  that  we  need  not  further  consider  it  at  this  time. 

*'Ash. —  Carefully  burning  a  sample  of  the  iodder,  the 
chemist  determines  the  ash.  Bv  the  table  we  find  that  in 
100  pounds  of  pasture  grass  there  are  2.5  pounds  ash,  while 
in  clover  hay  there  are  over  6  pounds.  One  hundred  pounds 
of  shelled  com  contains  only  1.5  pounds  of  ash,  while  the 
same  weight  of  wheat  bran  yields  over  5  pounds.  The  ash 
elements  in  plants  are  very  important,  since  they  enter  into 
the  composition  of  all  the  tissues  of  the  bod\^in  a  small  waj-, 
and  form  the  larger  part  of  the  bones.  Experience  shows 
that  when  the  stockman  feeds  his  animals  abundantly  with 
a  variety  of  nutritious  foods  they  are  amply  supplied  with 
ash  for  all  necessities  of  the  body,  so  that  as  with  water 
this  part  of  the  plant  substance  need  not  receive  special 
attention  when  considering  the  constituents  of  feeds, 
though  there  are  a  few  special  cases  where  the  supply  of  ash 
is  apt  to  be  lacking,  even  when  the  animals  are  seemingly 
well  nourished. 

*' Crude  protein  marks  a  very  important  group  of  sub- 
stances in  fodders,  the  characteristic  element  of  all  being 
nitrogen.  The  chemist  has  found  that  protein  compounds 
weigh  6.25  times  as  much  as  the  nitrogen  contained;  b}-  a 
complicated  process  he  determines  the  weight  of  nitrogen  in 
a  sample  of  feed  and  multiplies  this  by  6.25,  which  gives  the 
crude  protein.  A  considerable  portion  of  the  bones,  the 
ligaments  which  hold  the  bones  together,  the  muscles  which 
surround  the  bones,  the  tendons  which  bind  the  muscles  to 
the  bone,  and  the  great  nervous  system,  as  well  as  the 
internal  organs  of  the  body,  are  largely  composed  of  protein 
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compounds.  From  this  we  can  readily  understand  that 
protein  is  a  very  important  part  of  stock  foods,  being  es- 
pecially needed  with  young,  growing  animals.  We  turn 
with  interest  to  the  table  and  note  that  the  total  crude 
protein  in  pasture  grass  is  4  pounds  to  the  hundred,  while 
in  oats  there  are  11.8  pounds,  in  corn,  10.5  pounds,  and 
nearly  33  pounds  in  100  of  linseed  meal. 

"'Crude  fiber  is  determined  by  boiling  a  sample  of  the 
fodder,  first  with  a  weak  alkali,  and  then  with  a  weak  acid 
in  order  to  dissolve  out  as  much  of  the  substance  as  possi- 
ble. The  undissolved  portions  represent  the  tougher  parts 
of  the  framework  of  the  plant,  usually  termed  cellulose  or 
crude  fiber.  The  table  shows  that  a  large  portion  of  rye 
straw  is  crude  fiber,  while  in  grains  like  com  or  wheat  the 
amount  is  very  small. 

''Ether  Extract.— ^On  another  sample  of  the  fodder  the 
chemist  places  ether,  which  dissolves  out  whatever  fats  and 
wax  it  contains,  and  this  dissolved  portion  is  called  the 
ether  extract  or  crud<5  fat.  Hay  and  straw  contain  very 
little  fat,  and  still  less  is  found  in  mangolds  or  turnips, 
while  com  contains  considerable,  and  oil  meal  and  cotton- 
seed meal  a  relatively  large  amount. 

''Nitrogen-free  extract  signifies  what  is  left  of  the  organic 
matter  of  the  plant  after  deducting  the  preceding  groups  of 
elements.    It  contains  starch,  sugar,  dextrine  and  gums. 

"Carbohydrates. — The  nitrogen-free  extract  and  the  crude 
fiber  are  grouped  together  under  the  term  carbohydrates. 
The  leading  function  of  the  carbohydrates  is  to  ftimish  fuel 
for  the  animal  body.  Portions  not  needed  for  immediate 
wants  may  be  converted  into  fat  and  stored  up  in  the 
tissues  awaiting  future  demands. 

**The  figures  given  in  all  the  columns  of  the  table  we  have 
passed  over  are  derived  from  analyses  in  the  laboratory,  and 
represent  the  total  amount  of  each  of  the  plant  constituents 
in  the  several  groups.  Thus  far  the  investigation  is  purely  a 
chemical  one,  though  the  grouping  of  the  substances  has 
some  relation  to  the  uses  of  the  food  in  the  animal  system. 
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Having  learned  the  amount  of  each  of  the  constituents  in  a 
given  fodder,  the  chemist  proceeds  to  feed  it  to  some  farm 
animal,  usually  an  ox  or  a  sheep,  in  order  to  ascertain  what 
portion  of  each  is  digestible.  The  value  of  gold  ore  is  not 
rated  by  the  total  amount  of  gold  contained,  but  rather  by 
that  portion  which  can  be  recovered  by  practical  processes; 
so  with  our  feeds,  only  those  portions  which  can  be  digested 
and  utilized  by  the  animal  are  really  valuable.  The  results 
of  digestion  trials  are  grouped  in  the  last  columns  of  the 
table  under  the  head  **  Per  cent  of  digestible  matter,''  and 
these  data  have  cost  the  chemist  and  animal  physiologist 
much  patient  labor ;  even  now  the  results  are  crude  and  far 
from  satisfactory. 

*'Let  us  study  this  table  item  by  item,  as  we  did  the  first 
part.  We  learn  that  while  the  crude  protein  in  pasture  grass 
is  4  in  100  pounds,  the  digestible  crude  protein  is  2.8  pounds 
in  a  hundred  weight.  The  digestible  carbohydrates,  the 
compounds  of  crude  fiber  and  nitrogen-free  extract  are  12.3 
pounds,  and  the  digestible  ether  extract  0.6  pounds.  The 
chemist  has  found  that  a  pound  of  fat  will  give  about  2.2 
times  as  much  heat  as  a  pound  of  carbohydrates.  Since  the 
fats  serve  the  same  purpose  in  the  body  as  the  carbohy- 
drates, we  can  reduce  the  fat  found  in  a  fodder  to  a  carbohy- 
drate equivalent  by  multipljring  it  by  2.2.  To  obtain  the 
nutritive  ratio  expressed  in  the  last  column  of  the  table,  the 
digestible  fat  is  multiplied  by  2.2  and  added  to  the  digesti- 
ble carbohydrates,  and  the  sum  divided  by  the  digestible 
protein.  The  nutritive  ratio  of  pasture  grass  is  1:4.9; 
that  is,  for  every  pound  of  digestible  protein  in  pasture 
grass  there  are  4.9  pounds  of  digestible  carbohydrates  and 
carbohydrate  equivalents.  The  following  table  summarizes 
the  results  of  analyses  in  digestion  trials  as  just  explained : 
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**  Before  passing  to  the  next  division  of  the  subject,  let  us 
re\new  briefly  how  animals  grow  and  live.  All  animals  live 
directly  or  indirectly  on  foods  furnished  by  plants.  The 
plant  grows  through  the  union  of  chemical  compounds  taken 
from  the  air  and  soil  and  brought  up  into  its  structure, 
through  that  mysterious  principle  called  life,  by  the  energ\^ 
of  the  sun.  The  sun  pouring  its  rays  day  after  day  in  sum- 
mer time,  furnishes  the  energy  which  welds  the  simpler 
compounds  into  the  more  complex  ones  of  the  plant  organ- 
ism. In  summer  time  our  animals  crop  the  grasses  of  the 
fields,  and  in  the  fall  man  gathers  plants  and  their  seeds  into 
bams  and  storehouses  that  in  winter  time  he  may  pass  them 
over  to  his  farm  animals  for  sustenance  and  growth.  The 
compounds  in  the  plant  substance  are  separated  in  the 
laboratorj*^  of  the  stomach  and  digestive  tract  and  carried 
about  the  body,  where  they  are  built  up  into  the  body 
tissues  or  stored  up  as  fat,  or  they  may  be  burned  up  at 
once  if  needed  to  give  out  energy  and  warmth.  Dr.  Armsby 
has  happily  used  the  figure  of  a  coiled  spring  to  illustrate 
this  wonderful  phenomenon.  The  energy  of  the  sun  in  sum- 
mer time  winds  up  the  spring  in  the  plant,  and  when  the 
animal  consumes  the  plant  the  spring  is  unwound  and 
exhibits  just  as  much  energy  in  the  unwinding  as  was  used 
in  winding  it  up. 

**In  studying  these  plant  compounds  we  have  divided 
those  which  need  especial  attention  into  three  groups,  under 
the  heads  protein,  carbohydrates  and  fat.  As  already 
shown,  the  protein  compounds  are  that  portion  of  the  food 
material  which  may  go  to  build  up  the  muscular  portion  of 
the  animal  body.  Among  the  list  of  food  articles  used  by 
man  rich  in  protein  are  the  lean  part  of  meat,  the  white  of 
^SEy  ^^^  cheese  of  milk  and  the  gluten  of  wheat ;  of  stock 
foods  rich  in  protein  we  have  cotton-seed  meal,  oil  meal, 
peas,  wheat  bran,  clover  and  alfalfa  ha3\  The  first  great 
use  of  protein  is  in  building  up  the  muscular  portion  of  the 
body,  but  we  should  not  forget  that  it  also  gives  off  heat 
and  energy  in  being  broken  down  to  simpler  compounds, 
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and  may  also  be  converted  into  fat  and  stored  up  in  the 
tissues  of  the  body  for  future  use. 

**Since  the  carbohydrates  contain  no  nitrogen  they  can 
not  go  to  build  up  the  muscular  portion  of  the  body,  but 
nevertheless  they  are  of  great  importance  and  form  the 
largest  part  of  foods  used  by  our  farm  animals.  The  first 
great  use  of  carbohydrates  is  to  famish  fiiel  for  warming  the 
body  and  enabling  it  to  perform  work.  Of  human  foods 
rich  in  carboh^'drates  we  have  sugar  and  starch,  both  almost 
chemically  pure,  while  the  grain  of  wheat  and  com  are  both 
very  rich  in  carbohydrates.  In  animal  foods  com,  oat  straw 
and  cornstalks  are  all  rich  in  carbohydrates.  As  the  protein 
compounds  may  be  called  the  muscle-formers,  so  the  carbo- 
hx'^drates  may  be  called  the  fuel  or  energy  givers  oi  the  body. 
The  fats  in  foods  serve  the  same  purpose  as  the  carbohy- 
drates, but  are  more  potent,  giving  off  more  heat  in  burning. 
A  pound  of  fat  is  generally  regarded  as  2.2  times  as  valuable 
as:  a  pound  of  sugar  or  starch  in  food. 


AMOUNT   OF   NUTRIENTS  REQUIRED  BY  OUR  FARM  ANIflALS. 

**The  next  step  in  our  study  is  to  ascertain  the  amount  of 
the  several  constituents  in  feeding  materials  required  b\^ 
different  farm  animals  under  varying  conditions  of  maintcn- 

• 

ance,  growth  and  fattening.  Since  the  weights  of  our 
animals  vary  according  to  age  and  breed  it  is  well  to  take 
some  simple  standard  of  weight,  and  for  convenience  it  has 
been  placed  at  a  thousand  pounds.  The  needs  of  growing 
animals  differ  from  those  that  are  mature,  and  the  require- 
ments of  work  animals  are  not  the  same  as  those  at  rest  or 
taking  on  fat.  In  Table  II  is  summarized  the  amount  of 
digestible  nutrients  required  by  a  thousand  pounds,  live 
weight,  of  farm  animals. 

**To  study  this  table  let  us  take  the  first  case — that  of  an 
ox  at  rest  in  his  stall.  This  ox  is  supposed  to  weigh  1,000 
pounds,  and  to  be  kept  perfecth'  comfortable  as  to  tempera- 
ture and  environment,  and  to  do  no  work,  neither  gaining 
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nor  losing  in  weight.  The  amount  of  food  required  under 
these  conditions  will  be  the  minimum  for  such  an  animal,  of 
course.  It  will  be  found  when  we  have  furnished  this  ox 
with  the  digestible  nutrients  required  that  the  total  organic 
substance,  which  is  the  weight  of  the  fodder,  less  the  water 
and  ash  it  contains,  will  amount  to  17.5  pounds,  Everv' 
beat  of  the  heart,  every  respiration,  the  tension  of  the 
muscles  while  standing,  all  mean  wear  and  destruction  of 
muscular  tissue.  Indeed,  everv  manifestation  of  life  means 
the  consumption  of  food  to  repair  the  waste  of  some  portion 
of  the  body.  The  Germans  have  held  that  0.7  of  a  pound  of 
crude  protein  is  necessary  to  make  good  this  loss.  For 
warming  the  body  and  running  its  machinery-,  if  we  may  so 
speak,  there  are  required  8  pounds  of  digestible  carbohy- 
drates and  0.15  poimds  of  ether  extract;  Adding  the 
digestible  protein,  carbohydrates  and  ether  extract 
togiether,  we  get  a  total  of  8.85  pounds  of  total  nutritive 
substance.  If  we  multiply  the  digestible  ether  extract  by  2.2 
and  add  it  to  the  digestible  carbohydrates  the  sum  is  8.33, 
which,  divided  by  0.7,  gives  a  quotient  of  12  in  round 
numbers.  That  is,  for  every  1  pound  of  crude  protein 
required  by  the  ox,  he  needs  12  pounds  of  digestible  carbohy- 
drates or  their  equivalents  in  fat.  Investigation  by  several 
American  experimenters  have  shown  that  the  amount  of 
nutrients  stated  bv  the  Germans  as  onlv  sufficient  to  main- 
tain  a  thousand-pound  ox  is  more  than  sufficient  for  that 
purpose  under  our  conditions,  and  that  the  ox  will  make  a 
small  gain  therefrom.  Our  work,  however,  has  not  pro- 
gressed far  enough  to  reconstruct  even  this  portion  of  the 
table,  so  that  we  shall  have  to  let  it  stand  as  stated  bv  the 
Germans. 

**In  the  same  table  we  learn  that  the  ox  heavily  worked 
requires  2.4  pounds  of  digestible  protein  per  day,  or  three 
times  as  much  as  when  at  rest.  We  are  not  surprised  at 
this,  for  when  performing  labor  the  muscles  must  be  worn 
down  much  more  rapidW  than  when  an  animal  is  idle.  A 
milch  cow  of  the  same  weight  requires  more  protein  and 
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almost  as  much  carbohydrates  as  the  heavily  worked  ox. 
Though  there  is  little  tax  on  the  muscles,  yet  a  large  amount 
of  protein  is  needed  for  the  cheese  portion  of  the  milk.  To 
elaborate  this,  as  well  as  the  sugar  and  fat,  makes  a  heavy 
demand  for  food  by  the  dairy  cow. 

**Table  II  is  compiled  by  the  German  scientist,  Dr.  Emil 
Wolff,  and  gives  the  amount  of  digestible  substances  he  con- 
siders necessarv  bv  our  farm  animals : 

Table  ll.—Feeding  Standards  (According  to  Wolff.) 

[Prr  day  ami  per  UW  iM»iiuds.  livo  weijrht.J 


Animnls,  vU\ 


sub- 


Nutritive   (cUpstible) 
substMiifes. 

CnuU*     Carboby-I  Ethei 


protein. 


1.  n\en  at  rest  in  s|all 

2   Wool  sbeep.  coarser  breeds 

Wool  sheep,  liner  breeds.  , 
».  Oxen  niotleralrly  worked 

c »xen  heavily  w«nked 

4.  Horses  moderately  worked 

Hornes  heavily  worked ' 


IVnnnIs  ,  Ponnds 


tl  rates,    lextraet. 


6. 


i. 


M  ileh  cows 

Fattening  oxen.  1st 
Faltt-ning  oxen.  2nd 
Fattening  oxen,  :U'd 
Fattening  sheep.  Ist 
Fattening  sheep,2«>d 


K  Fattening  y  wine,  1st 
Fattening  swfne,2iid 
Fattening  swinc,!trd 


period 
period 
period 
period: 

j»erio<l 

i 

period 
period 
period 


U  (trowing  cHttle 


Ai;e,  months. 

2-3 

8-6 

tt-12 

12-1^ 

lH-24 


Average 
live  weiglit 
perliesid. 
165  lbs 
:«0  lbs.. 
ft!M)  lbs.. 
770  lbs 
940  lbs 


lU.  Growling  sheep: 

5-6  62  lbs 

6-M  73  lbs. 

}i-ll  ft*  Ins. 

U-15  90  lbs 

W-20  95  lbs.. 

11    (iruwingfat  pigs: 


2-3 
X— 5 
5-6 

6-8 
H-12 


5ft  lbs.. 
110  lbs.. 
137  lbs.. 
lH7lbs. 
275  lbs.. 


17.5 
20.0, 
22  5 
24.  u: 
26  0 
21.0 
2:1.0 

24.0 
27.0 
26.0 
25.0 
28  0 
2:1.0 

'Mi  0' 
31.0 
26.5 


22.0 
2:). 4 
24.0; 
24.0; 
24.0 


2S.0 
25.0 
2:{  0 
22  5 
22.0 


42  0 
34.0 
:]1.5 
27.0 
21.0 


0.7 
1.2 
1.5 
1.6 
2.4 

1  6 
2.5 

2.5 
2.5 

:;.o 

2  7 

:<.o: 

3.5 

5.0' 
4  0 

2.; 


Ponnds.  , 

SO 

10.  :i 
11.4 
11.. 'I 

13.2 
10.0 
12.1 

12.5 
15  0 
14.  S 
14.. S 
15.2 
14.4 


Ponntis 
0.15 


27.5 
2(.0 
I4..) 


0.20 
0.25 
0  :U) 
0.50 
0.50 
0.70 

0.40 
0.50 
0.70 
0.60 
0  50 
0.60 


Total 
nutritivo 

snb- 
stances. 


Ponnds. 

S..S5 
11.70 
l:;.15 
1:5.20 
16.10 
12.10 
15.30 

15.40 

IS. 00 
1«.50 

is.ioi 

IH.70 

IS.  50 

:i2.50' 
2>  UO 
20.20 


Xntji- 
tive  ratio. 


1:12  0 
l.iJ.O 

l.vH.O 

1;7  5 
1:6  0 
1:7.0 
1 :5.5 

1:5.4 

1 :6.5 
1 :5.5 
1:6.0 
1-5.5 
1:4.5 


1:5.5 
1:6  0 
l.'6.5 


4.0. 

13.81 

2.0 

19.  S 

.    1:4.7 

3.2 

13  5 

1.0 

17.7 

1:5.0 

2.5 

18  5 

0.6 

16.6 

1.-6.0 

2.0 

13.0 

0.4 

15.4 

1:7.0 

16 

12  0| 

0  3 

13.9 

l:s.O 

3.2 

15.6' 

O.S 

19.6 

1:5.5 

2.7 

13.3, 

0.6 

16.6 

1  5  5 

2.1 

U  4; 

0.5 

14  0 

l.t}  0 

1  7 

10.9 

0  4 

13.0 

1:7.0 

1.4 

10.4; 

0.3 

1 

1 

12.1 
37  5 

l:^.0 

7.5 

80.0 

1:4  0 

5.0 

25  0 

1 

4 

30.0 

1:5.0 

4.3 

2:J.7 

1 
1 

2H.0 

1  5.0 

3.4 

20.4 

1 

2:i.S 

1.-6  0 

2.5 

1ft.  2 

1>.7 

1:6.5 
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**From  Tables  I  and  II  we  are  now  in  position  to  calculate 
a  ration  for  a  fattening  steer  or  a  dairy  cow.  Let  us  form  a 
ration  for  a  dairy  cow  weighing  1,000  pounds  and  yielding 
a  full  flow  of  milk.  Suppose  we  have  at  hand  the  following 
common  feeding  stuffs :  com  fodder,  clover  hay,  bran,  com 
meal  and  cotton-seed  meal.  Bv  the  last  table  we  find  the 
requirements  for  a  cow  weighing  1,000  pounds  to  l^e  2.5 
pounds  digestible  protein ;  12.5  pounds  digestible  carbohj^- 
drates  and  0.4  pound  digestible  ether  extract. 

**We  place  these  amounts  at  the  head  bf  our  table  at  A  : 

Table  lll»5howing  How  to  Construct  a  Ration  for  a  Dairy  Cow. 


Nat  uv  and  wfi^'lit  of  fiM'd. 


A.    Keqiiired  by  staiulnid 


B. 


14  pouiuls  foddder  votu 

0  pounds  clover  hay 

s  poMiids  roller  bran  . . 
5  pounds  Ki'ound  oorn . 


Di^estable. 

Organic 

nialter.     «,.„.„,„     C'arbohy-     Ether 
,iioiein.      jirj^^,^^     extract. 


Pounds.    Pounds.    Pounds.     Pounds 
24.0  2.3  12..5  .      0.4 


I.  M 

+  .71 
4  12 

4  S.SI 


First  trial  ration 
unds  cotton-seed  i 

Second  trial  ration. 


\   2  pounds  cotton-seed  meal 


20.92. 
1.69, 

I. 


0T39' 
0.:{9 
0.«3 

().:!6 

1.77 
0.74, 


4  13 

2.09 
2.20 

11.^6 

0.;56 


0.14 

0.10 

o.ir) 

0.21 


0  00 
0  2'V 


22  611 


2..')1 


11.92 


O.W 


**In  order  to  properly  distend  the  rumen  the  feed  should 
have  a  certain  bulk,  and  will  amount  on  the  average  to 
about  24  pounds  of  organic  matter,  which  sum  we  place  in 
the  first  column.  This  portion  of  the  table  can  var\'  more 
than  any  other  without  serious  detriment.  Having  the 
requirements  before  us  in  the  table,  let  us  approximate  it  b\' 
combining  several  food  materials  from  our  list.  For  trial 
we  will  take  14  pounds  of  corn  fodder.  By  adding  the  water 
given  in  Table  I  to  the  ash  and  subtracting  from  100,  we 
have  the  total  organic  matter  in  100  pounds  of  fodder  com. 
For  14  pounds  of  fodder  com  the  amount  of  organic  matter 
is  7.71,  which  we  place  under  the  column  headed  ^'Organic 
Matter.'*    By  Table  I,  again,  we  learn   that    the  di^^estible 
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crude  protein  of  field-cured  fodder  com  is  2.8  per  100  pounds; 
for  14  pounds  it  is  0.39.  The  digestible  carbohydrates  in 
the  fodder  com  is  29.5  for  100  pounds,  and  for  14  pounds 
4.13.  The  ether  extract  in  100  pounds  of  fodder  com  is  1 
pound,  and  in  14  pounds  is  0.14.  We  place  these  sums  in 
their  respective  columns,  which  gives  the  total  organic 
matter  and  digestible  material  for  14  pounds  of  fodder  com. 
In  the  same  manner  we  find  the  organic  matter  and  digesti- 
ble nutrients  in  6  pounds  of  clover  hay,  then  in  5  pounds  of 
bran,  and  finally  5  pounds  of  ground  com,  all  of  which  is 
summarized  under  B  of  the  table.  We  next  add  the  several 
columns  to  ascertain  the  total  constituents.  The  sums  are 
found  under  the  first  trial  ration.  We  now  compare  this 
trial  ration,  which  is  the  sum  of  the  items  under  B,  with  the 
required  ration  at  A.  We  notice  that  the  organic  matter  is 
a  little  more  than  3  pounds  short  of  the  requirements,  and 
there  is  still  about  three-fourths  of  a  pound  of  protein  and  a 
pound  of  carbohydrates  lacking,  while  the  ether  extract  is 
already  0.2  of  a  pound  in  excess.  Our  ration  is  short  of  the 
requirements,  and  to  bring  B  still  nearer  A  we  add  to  the 
trial  ration  as  given,  2  pounds  of  cotton-seed  meal,  choosing 
this  feed,  because  we  must  add  some  substance  rich  in 
protein.  Determining  the  nutrients  in  2  pounds  of  cotton 
seed  meal  we  place  them  at  C,  and  adding  the  item§  to  the 
first  trial  ration,  or  B,  we  get  the  second  trial  ration.  In 
the  second  trial  ration  we  observe  that  the  organic  matter 
is  1.31  pounds  short  of  the  requirements,  the  protein  .01  of 
a  pound  in  excess,  the  carbohydrates  0.58  of  a  pound  short 
while  ether  extract  is  0.45  pound  in  excess  of  requirements. 
We  have  'earned  that  the  ether  extract  is  worth  2.2  times  as 
much  as  the  same  weight  of  carbohydrates.  We  multiply 
the  excess,  0.45  by  2.2  and  find  that  the  excess  is  equal  to 
0.99  of  a  pound  o{  crbohydrates.  This  sum  brings  the 
carbohydrates  above  the  required  standard.  Our  second 
trial  ration  is,  therefore,  slightly  lacking  in  organic  matter, 
but  contains  the  full  amount  of  protein  required  and  a 
slight  excess  of  carbohydrates  or  their  equivalents.    We  find 
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the  nutritive  ratio  of  this  ration  by  multiplying  the  ether 
extract  0.85  by  2.2,  adding  it  to  the  carbohydrates  and 
dividing  by  2.51,  and  obtain  the  nutritive  ratio  of  1:5.5,  or 
about  the  requirements  given  in  Table  II.  This  is  as  close  as 
we  can  expect  to  work  in  practice. 

'^Having  studied  this  problem  over  carefully,  the  student 
is  in  position  to  use  Tables  I  and  II  in  a  study  of  the  require- 
ments of  his  stock  and  the  feeds  he  has  at  hand.  With  a 
little  patience  feed  combinations  can  be  made  which  will  con- 
form to  the  requirements.  I  have  gone  over  this  problem 
carefully  in  order  to  show  just  how  the  tables  are  used.  The 
student  can  select  from  the  first  table  such  feed  stuffs  as  he 
has  at  hand  or  can  secure,  and  from  these  construct  rations 
to  meet  the  wants  of  his  particular  case.  The  exercise  will 
prove  not  only  interesting,  but  profitable,  for  it  will  throw 
much  light  on  the  proper  combinations  of  food  to  best  meet 
the  wants  of  our  farm  animals.*' 


MONTANA  FOODS. 


From  the  table  of  compositions  it  mav  be  seen  that  our 
Montana  foods  are  of  the  very  best  for  meat  production. 
Field  peas,  wheat,  oats,  barley,  rye,  alfalfa  and  clover,  all 
contain  a  large  per  cent,  of  the  nutrients  required  for  the 
most  healthful  and  vigorous  growth  of  bone  and  muscle. 
Those  containing  relatively  the  greatest  quantity  of  protein, 
:such  as  peas  and  alfalfa,  should  be  fed  to  the  young,  growing 
.animal,  reserving  the  wheat,  barley,  etc.,  which  contain 
more  of  the  heat  and  fat  producing  nutrients,  for  the  last 
half  of  the  feeding  period. 

While  most  of  these  foods  have  been  thoroughly  tested 
for  feeding,  there  has  been  but  little  done  in  this  line  experi- 
mentally with  wheat,  but  in  nearly  all  cases  where  tried,  the 
result  {or  pork  production  has  been  favorable.  Prof.  French, 
of  the  Oregon  Station,  in  speaking  of  the  quality  of  wheat 
fed  pork,  says :   "The  fat  is  verj'  heavy   and  thick  and  it  is 
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very  firm  in  texture.  The  lean  meat  is  very  juicy  and  light  in 
color,  which  characteristic  has  marked  all  of  the  results  in 
feeding  wheat  to  pigs  thus  far  carried  on  at  our  Station. 
In  short,  the  quality  of  the  meat  is  all  that  could  be  desired.'* 
He  farther  says :  '*The  results  are  such  as  to  dispel  all  doubts 
from  the  minds  of  those  who  have  thought  that  wheat  could 
not  be  made  to  produce  pork  equal  in  quality  to  that  com 
led.  The  pigs  at  the  dme  of  slaughtering  were  8M}  months 
old  and  the  average  live  weight  was  306.8  pounds.  This 
fact  is  menlioned  for  che  purpose  of  inducing  more  interest  if 
possible  in  the  matter  of  earh'  maturity.  What  might  be 
profit  is  complete  loss  many  times,  in  feeding  animals  which 
have  been  grown  or  allowed  to  come  up  and  then  fattened. 
Proper  care  and  feeding  should  begin  before  the  animal  is 
bom  and  continue  until  it  has  reached  the  shambles.'* 

The  following  quotation  from  a  recent  bulletin  of  the 
South  Dakota  Station  giving  the  results  of  a  single  experi- 
ment adds  strength  to  the  Oregon  report  as  to  the  superior 
quality  of  wheat  fed  pork : 

**The  grain  for  each  of  the  several  lots  was  soaked  in 
cold  water.  Each  lot  was  provided  with  a  separate  tub  in 
which  enough  grain  to  last  for  several  days  was  placed,  and 
enough  water  was  added  to  not  only  thoroughly  moisten  the 
grain,  but  to  fiimish  all  the  water  needed  by  the  hog.  From 
time  to  time  more  grain  and  water  was  added  as  occasion 
required.  An  accurate  record  was  k«pt  of  the  weight  of  all 
grain  put  into  the  tubs  and  the  supply  was  so  regulated  that 
they  would  be  emptied  at  the  expiration  of  each  period. 

**Lot  I  was  fed  entirely  upon  Canada  field  peas,  un- 
ground. 

'*Lot  II  was  fed  on  spring  wheat  of  rather  poor  quality, 
unground. 

**Lot  III  was  fed  upon  Dakota  grown  Dent  com,ground. 

**Lot  IV  was  fed  upon  spring  wheat,  same  quality  as 
that  fed  to  lot  II,  ground. 

*'The  pigs  were  all  given  all  the  food  they  could  be  in- 
duced CO  eat. 
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RESULTS. 

**1.  Hogs,  averaging  about  100  lbs  in  weight,  can  be 
purchased  near  Sept.  1st  at  $4.50  per  hundred  Hve  weight, 
fed  three  months  on  nothing  but  wheat,  water,  ashes  and 
salt,  and  an  occasional  handful  of  hay  or  corn  fodder, 
butchered  and  sold  Dec.  1st  for  $5.50  per  hundred  dressed ; 
and  will  return  from  56  to  58  cents  per  bushel  for  wheat 
consumed,  without  allowing  anything  for  manure,  or  labor 
in  caring  for  hogs. 

**2.  At  present  prices  wheat  can  be  profitably  fed  as  an 
entire  ration,  but  it  would  undoubtedly  pay  better  to  mix  it 
with  some  other  food,  particularly  during  the  earlier  stages 
of  fattening. 

**3.  Hogs  ted  on  ground  wheat  made  a  more  rapid  and 
uniform  gain,  and  produced  pork  of  rather  nicer  qualit}'; 
but  they  also  consumed  more  food  than  those  fed  upon 
whole  wheat.  Those  fed  ground  wheat  required  4.81  pounds 
of  wheat  to  produce  one  pound  of  gain,  while  those  fed 
whole  wheat  required  4.91  pounds  to  make  the  same  gain. 
Ground  wheat  brought  58.39  cents  per  bushel,  while  that 
fed  whole  brought  55.83  cents  per  bushel,  a  difference  of  only 
2.56  cents' per  bushel.  This  would  hardly  pay  for  grinding, 
but  considering  the  better  quality  of  the  pork  and  greater 
weight,  it  would  probably  pay  to  grind,  if  it  could  be  done 
^vithout  much  extra  cost. 

**4.  Ground  wheat  brought  58.39  cents,  whole  wheat 
55.83  cents,  peas  65.36  cents,  and  com  60  cents  per  bushel, 
on  an  average,  for  all  the  grain  consumed  during  the  entire 
experiment,  continuing  for  90  days.  Hogs  fed  on  peas  did 
much  better,  in  proportion,  during  the  first  part  of  the  ex- 
periment than  they  did  during  the  latter  part,  which  would 
indicate  that  peas  are  not  as  good  for  a  complete  ration  for 
a  long  period  as  either  wheat  or  com. 

**5.    The  quality  of  the  pork  made  from  corn  and  ground 

wheat  was  about  equal,   and  was  superior  to  that  made 
firom  whole  wheat,  peas  or  mixed  food.    That  made  from 

mixed  food  was  the  fattest. 
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**6.  The  average  daily  gain  of  hogs  fed  on  peas  was  1.21 
pounds,  on  whole  wheat  1.12  pounds,  on  ground  com  1.40 
pounds,  on  ground  wheat  1.32  pounds;  and  on  mixed  foods 
1.61  pounds. 

'*7.  The  question,  when  should  fattening  begin  and  how 
long  should  it  continue,  was  not  settled,  but  it  was  very 
plainly  demonstrated  that  a  considerably  larger  return  per 
bushel  for  food  consumed  would  have  been  realized  if  the 
hogs  had  been  sold  at  the  end  of  the  second  period.  This 
was  particularly  true  of  lot  I,  fed  on  peas.  The  decrease  in 
rate  of  gain  in  proportion  to  food  consumption  for  those  fed 
cornraeal  and  w^heat  was  no  greater  than  could  be  accounted 
for  by  the  natural  result  of  increased  weight  and  age.'* 

Numerous  un-official  experiments  made  by  farmers  of 
different  states  all  tend  to  show  that  wheat  not  only  pro- 
duces the  finest  quality  of  pork  but  also  that  it  can  be  fed 
economically.  The  American  Farmer  says:  ** Wheat-fed 
pork  is  as  superior  to  corn-fed  pork  as  the  latter  is  superior 
to  the  village  slop  fed  porker.'' 

Ohio  and  Indiana  farmers  have  been  making  pork  of 
their  winter  wheat  for  several  years.  Some  claim  that  20 
pounds  live  weight  can  be  made  from  a  bushel  of  wheat, but  this 
is  no  doubt  under  special  conditions  for  short  periods.  Lean 
pi;2rs,  such  as  would  result  from  running  in  pastures  with  a 
small  allowance  of  grain  until  four  or  five  months  old,  gain 
very  rapidly  when  a  full  grain  ration  is  added.  We  cannot 
reasonably  expect  more  than  15  pounds  gain  from  each  bushel 
of  wheat,  averaging  through  the  whole  feeding  period. 
Greater  gains  may  result  in-  the  early  part  of  the  feeding 
with  young  pigs,  but  as  maturity  approaches — the  end  of 
the  feeding  period — more  food  is  required  for  a  pound  of  gain 
and  no  doubt  some  what  less  than  15  pounds  of  pork  would 
result  from  feeding  a  bushel  of  wheat. 

The  following,  relating  to  the  general  feeding  value  of 
wheat,  is  taken  from  a  recent  circular  of  information  issued 
by  the  United  States  Agricultural  Department  on  **Wheat  as 
a  Food  for  Growing  and  Fattening  Animals :" 
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**It  is  seen  that  wheat  contains  practically  the  same 
amount  of  protein  per  100  pounds  as  oats,  and  that  both 
wheat  and  oats  contain  about  30  per  cent  more  protein  than 
com.  On  the  other  hand,  wheat  onh'  has  about  one-half  as 
much  fatty  matter  as  com  and  oats.  In  carbohydrates  the 
position  of  wheat  is  about  halfway-  between  that  of  com 
and  oats. 

**Protein,  that  is  the  albuminoid  constituents  of  grain, 
goes  to  build  up  the  albuminoid  tissues  of  the  animal  body 
of  which  the  muscles  are  the  most  prominent  paii:,  but  it 
ma3'  also  be  changed  into  fat.  The  fat  in  the  animal  body 
comes,  therefore,  both  from  the  fat  and  the  protein  in  the 
food  which  is  eaten.  The  carbohydrates  sustain  the  heat  of 
the  body  and  must  be  present  in  sufficient  quantity  or  the 
more  valuable  fat  which  has  already  been  assimilated  will  be 
used  for  this  purpose.  Young  gi^owing  animals  require  more 
protein  than  older  ones,  and  also  more  than  fattening 
animals,  in  order  to  supply  material  for  building  up  the 
muscles,  tendons,  and  other  albuminoid  structures. 

**We  must  not  conclude  from  these  facts,  as  some  have, 
that  because  wheat  is  particularly  indicated  for  young  grow- 
ing animals  it  is  not  adapted  for  those  which  are  fattening. 
The  fallacy  of  such  a  conclusion  is  shown  b\'  the  following 
comparisons : 


Protein. 


First  corapttri»on. 

Fet'tlir.g  utaudard: 

(7 rowing  cattle.  G  to  12  m«inths  old 
2*i.G  pouTids  wheat 

Second  cumyariHon. 


Feed  np  standard: 

Fattening  cattJe,  Hecond  period. 

.S;^^  pourds  wheat  

i&H  ponnds  corn  , 


2r. 

2" 


Carbohy- 
drates. 


Fat. 


Nutritive 
ratio. 


13.5 
15.0 


l.B 
O.S 


30 

U.H- 

0  7 

1 :5  5 

3.1 

18.61 

0.6 

1:«4 

2  4 

20.8 

1.4 

1  rlO.l 

1  :(».() 
1:«.4 


**This  table  brings  out  in  the  clearest  possible  manner* 
first,  the  near  approach  chemically  of  26.6  pounds  of  wheat 
to  the  German  standard  ration  for  growing  cattle  from  6  to 
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12  months  of  age,  and,  secondly,  the  fact  that  33V&  pounds 
of  wheat  comes  much  nearer  the  feeding  standard  for  fatten- 
ing cattle  than  does  the  same  quantity  of  com.  The 
proportion  of  the  protein  to  carbohydrates  and  to  fat  is  very 
much  nearer  the  standard  in  wheat  than  in  com.  Tried  by 
these  standards  wheat  is  better  both  for  growing  and  fatten- 
ing animals  than  is  com. 

** These  standards,  however,  are  not  to  be  considered  as 
perfect.  Com  comes  nearer  being  an  ideal  grain  for  fattening 
animals  in  this  country  than  is  indicated  by  the  tables.  Such 
animals  apparently  do  not  need  as  much  protein  as  is  con- 
tained in  the  standard,  and  may  take  with  advantage  more 
carbohydrates  and  fat.  Equal  parts  of  wheat  and  com 
should,  therefore,  prove  better  for  fattening  animals  than 
either  of  these  gpfains  alone.  For  growing  animals  com  is 
plainly"  not  so  suitable  as  is  wheat  or  oats. 

"When  wheat  and  com  are  the  same  price  per  bushel,  it 
is  preferable  to  feed  wheat  and  sell  com.  First,  because 
wheat  weighs  7  per  cent  heavier  per  bushel  than  com ; 
secondly,  because  wheat  is  weight  for  weight  an  equally  good 
grain  for  fattening  animals,  and  better  for  growing  animals  ; 
and  thirdly,  because  there  is  much  less  value  in  fertilizing 
elements  removed  from  the  farm  in  com  than  in  wheat. 

**  There  are  certain  points  to  be  borne  in  mind  when  one 
is  commencing  to  feed  wheat.  Our  domesticated  animals  are 
all  very  fond  of  it,  but  are  not  accustomed  to  eating  it.  Pre- 
cautions should  consequently  be  observed  to  prevent 
accidents  and  disease  from  its  use.  It  is  a  matter  of  common 
observation  that  when  full-fed  horses  are  changed  from  old 
to  new  oats  they  are  liable  to  attacks  of  indigestion,  colic, 
and  founder.  If  such  results  follow  the  change  from  old  to 
new  oats,  how  much  more  likely  are  they  to  follow  a  radical 
change,  such  as  that  from  oats  to  wheat?  For  this  reason 
wheat  should  at  first  be  fed  in  small  quantities.  It  should, 
when  possible,  be  mixed  with  some  other  grain,  and  care 
should  be  taken  to  prevent  any  one  animal  from  getting 
more  than  the  quantity  intended  for  it. 
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**  These  precautions  are  especially  necessary  when  wheat 
is  fed  to  horses,  as  these  animals  are  peculiarly  liable  to  colic 
and  other  disturbances  of  the  digestive  organs,  accompanied 
or  followed  by  laminitis.  Cattle,  sheep  and  hogs  frequently 
crowd  each  other  from  the  feeding  troughs,  in  which  case 
some  individuals  obtain  more  than  their  share,  and  mav 
bring  on  serious  or  fatal  attacks  of  indigestion. 

**The  best  form  in  which  to  feed  wheat  is  to  roll  or  grind 
it  into  a  coarse  meal.  It  may  then  be  fed  alone,  or  mixed 
with  com  meal  or  ground  oats.  When  ground  fine  it  is  pasty 
and  adheres  to  the  teeth,  gums  and  cheeks  so  that  it  is  not 
so  readily  masticated  or  eaten.  In  the  form  of  a  coarse  meal 
it  is  relished  by  all  animals,  it  is  in  a  condition  to  be  attacked 
by  the  digestive  processes  whether  thoroughly  masticated  or 
not,  and  in  most  cases  it  gives  the  best  results.  Dr.  Gilbert 
appears  to  have  obtained  better  results  from  whole  than 
from  ground  wheat  when  fed  to  sheep.  Sheep  feeders  may, 
therefore,  experiment  with  whole  wheat,  but  wheat  meal 
will  certainly  be  found  to  give  better  results  with  all  other 
kinds  of  animals. 

**The  number  of  pounds  of  live  weight  that  may  be  pro- 
duced by  feeding  a  bushel  of  wheat  w^ill  evidently  vary 
according  to  the  age  and  condition  of  the  animal  fed.  Prof. 
Robertson,  at  the  Ottawa  Experiment  Station,  fed  frozen 
wheat  to  hogs  and  secured  from  9.1  to  15.46  pounds,  live 
weight,  from  a  bushel,  the  greater  increase  being  from  young 
growing  animals,  and  the  smaller  from  those  which  were 
fattening. 

**From  the  Canadian  experiments  it  would  appear  that 
the  feeding  value  of  an  equal  weight  of  wheat  is  slightly  in 
excess  of  that  of  com;  the  South  Dakota  experiments  gave 
better  results  from  com.  In  general,  the  difference  would 
probably  not  be  very  great,  but  it  would  undoubtedly  be 
better  to  mix  com  and  wheat,  or  com,  wheat  and  bran,  or 
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com,  wheat  and  middlings.    The  following  examples  show 
the  composition  of  such  mixtures : 


Mixture  No.  1  * 

.M)  pounds  corn . . 
.'.o  pourdH  wheat. 


UK)  poundH  mixture. 

Mixture  No.  2 : 

40  pour.ds  wheat 

4<J  :»oui;ds  com 

20  pouiids  bran 


101)  ponnds  mixture. 

Mixture  No.  S: 

4u  po  nda  wheat  — 

20  pouiidfi  coru     

2.1  pounds  OHt«  

2U  poands  middliiiL's  . 


IQDpoundt)  mixture. 

Mixture  No.  4 : 

tSu  ponuda  wheat  

20  pouuila  i»at«       

'iO  pounds  middlings  . 

100  pounds  mixture. 


Protein. 

(Carbo- 
hydrates. 

Kat. 

Pounds 

4.6 

Pounds. 
31.8 
27.9 

Pounds. 

•i.l 
0.9 

8.1 

3.0 

8.7 
2.8 
2  5 

9.0 

22.3 
2.'».1 

8.8 

!M>.2 

?2  a 

12. tt 

8.9 
8.4 

1 

0.7 
17 
0.6 

8.0 

l.« 
J. 4 

0.7 
0.8 
0.8 
O.H 

9.8 

52.2 

2.9 

0.5 
2  4 

83.4 
M.9 
8.4 

1.1 

0.8 
0.6 

9  7 

.Ml.  7 

2..'> 

1 

Nutritive 
ratio 


1:8.1 


i:7.o 


1:6.3 


1:5.8 


**Many  other  combinations  might  be  made,  but  these  are 
sufficient  for  purposes  of  illustration.  Mixtures  1  and  2  are 
more  suitable  for  fattening  animals,  while  3  and  4  are  excel- 
lent either  for  growing  animals  or  for  those  being  fattened.'* 


PROFITABLE  FEEDING  PERIOD. 

The  most  successful  pork  growers  feed  the  pig  to  his 
fullest  capacity  from  the  time  he  is  dropped  until  he  is 
marketed,  w^ith  food  rich  in  muscle  and  bon^  making 
nutrients.  They  contend  that  anything  short  of  this  will 
lessen  the  profits.  There  should  be  no  standstill  or  storage 
period.  The  points  in  favor  of  full  feeding  and  early 
maturity  as  discussed  by  Stewart  are  these : 

1.      In  the  young,  immature  animal,  the  appetite,   the 
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digestive  and  assimilative  ftttictioiis  are  most  active  and 
they  grow  less  and  less  so  as  maturity  is  reached,  the 
animal  eating  and  digesting  only  an  amount  necessary  to 
supply  the  waste  of  the  body  and  keep  up  heat  and  respira- 
tion. 

2.  The  percentage  of  waste  while  in  the  young  and 
active  stage  of  growth  is  much  less  than  it  is  at  and  after 
maturity. 

This  point  is  quite  important.  The  food  of  support — 
that  necessary  to  supplj^  the  constant  waste  of  the  system 
and  keep  the  aninal  without  gain  or  loss — ^increases  to  a 
large  item  at  nKiLurity.  From  the  begining  to  the  end  there 
is  a  constant  increase  in  the  amount  of  food  required  to  pro- 
duce a  pound  of  live  weight. 

3.  The  risk  is  lessened. 

4".  Quicker  returns  from  the  investment,  hence  greater 
profit. 

5.    Better  quality  of  meat. 

The  demand  at  present  is  not  for  the  overgrown,  exces- 
sively fat  pig,but  for  that  which  gives  the  largest  per  cent  of 
muscle  or  lean  meat  of  the  very  best  quality.  The  time  to 
secure  this  is  when  the  animal  under  the  best  svstem  of  feed- 
ing  has  just  reached  maturity ;  when  the  muscles  are  fully 
developed  and  when  continued  feeding  would  only  add  fat. 


METHODS  OF  PREPARING  FOOD. 

I  shall  not  undertake  a  discussion  of  all  the  questions 
that  may  come  up  under  this  heading,  for  many  of  them  are 
not  definitely  settled  and  all  may  be  open  to  farther  exi^eri- 
mentation.  I  believe  the  experiments  as  a  whole  favor 
grinding  and  wetting  the  grain,  but  not  cooking  it.  On 
two  of  these  points  some  very  strong  evidence  is  given 
below : 
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WET  VS.  DRY  FEED. 

On  this  subject  Prof.  Henry  in  the  fifth  annual  report  of 
Wisconsin  Station,  says : 

**It  will  be  seen  from  the  above  that  the  hogs  fed  upon 
dry  feed  in  no  case  did  as  well  as  when  their  feed  was  wet. 
The  difference  is  too  great  to  be  called  accidental,  and  it  is 
quite  apparent  that  in  these  cases  we  lost  feed  by  not  wet- 
ting it.  It  will  be  noticed  that  the  hogs  getting  the  wet  feed 
ate  considerably  more  than  when  given  dry  feed  and  to  this 
fact  in  a  measure  we  may  ascribe  the  greater  gain  from  the 
wet  feed. 

**The  writer's  experience  in  hog  feeding  points  plainly  to 
one  rule  which  he  believes  can  be  taken  as  a  standard  for  the 
present  at  least;  that  is,  other  things  being  equal,  feed  the 
hogs  in  such  a  way  as  to  get  them  to  eat  the  largest  amount 
in  a  given  time  without  waste.  By  following  this  general 
rule  I  think  the  best  results  will  be  attained.  In  conducting 
experiments  with  cooked  and  uncooked  feed  it  was  found 
that  a  hog  would  eat  more  uncooked  feed  than  cooked  and 
in  these  experiments  we  note  that  he  ate  more  wet  feed  than 
dry  feed.  Since  we  desire  him  to  eat  the  maximum  quantity 
per  day  it  would  seem  that  in  some  cases  at  least  wet  feed  is 
superior  to  cooked  feed  on  the  one  hand,  and  dr\'  feed  on  the 
other.'*  The  ration  was  made  up  of  equal  parts  of  commeal 
and  shorts. 

The  following  on  the  same  subject  is  taken  from  Bulletin 
No.  28,  of  the  Oregon  Station : 

**From  the  outset  the  pigs  fed  on  wet  feed  seemed  to 
relish  their  food  better  than  those  fed  on  drv.  Seeminfi:lv  it 
did  not  require  so  much  effort  on  their  part  to  eat  their 
ration  as  it  did  the  dry  fed  lot.  The  pigs  fed  on  wet  food 
would  eat  their  food  in  much  less  time  than  the  others.  By 
averaging  the  several  periods  we  find  that  it  required  4.64 
pounds  of  food  to  make  a  pound  of  gain  in  live  weight  in  the 
dry  fed  lot,  and  4.46  pounds  in  the  pen  fed  on  wet  food.*' 

In  the  above  experiment  shorts  were  fed  during  the  first 
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period  and  equal  parts  of  bran,  shorts,  chopped  wheat  and 
chopped  oats  for  the  rest  of  the  time. 


COOKED  VS.  UNCOOKED  FOOD. 

The  following  summary  of  the  results  of  all  the  experi- 
ments on  this  subject  conducted  at  the  different  Agricultural 
Colleges,  collated  by  Prof.  Henrv^,  seems  to  decide  the  ques- 
tion conclusively  in  favor  of  the  uncooked  food. 


i 
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SUMMARY. 


AGRICULTURAL    EXPERIMENT    STATION,  WISCONSIN. 

Cooked  barley  menJ  (4  trials)  was  to  unc<»oked  as 93.7  to  100 

Cooked  corn  meal  (2  trials)  was  to  uncooked  as 81.0  to  100 

Cooked  corn  meal  and  shorts  (2  trials)  was  to  uncooked  as.. .  9H  1  to  100 

Cooked  whole  corn  and  shorts  (2  trials)  was  to  uncooked  as. .  85  8  to  100 

ONTARIO  AGRICULTURAL  COLLEGE. 
Cooked  peas  (2  trials)  were  to  uncooked  ns 84.9  to  100 

MICHIGAN  AGRICULTURAL  COLLEGE. 
Scalded  corn  and  oatmeal  w«s  to  wet  meal 101.7  to  100 

KANSAS  AGRICULTURAL  COLLEGE, 
('ooked  shelled  corn  wms  t«>  uncooked  corn  as 84  0  to  100 

IOWA  AGRICULTURAL  COLLEGE. 

Cooked  shelled  <v>rn  (2  trials)  whs  to  uncooked  as 82.3  to  100 

Cooked  corn  me;il  (2  trials)  was  to  uncooked  as 79  3  to  100 

MAINE  AGRICULTURAL  COLLEGE. 
Cooked  corn  meal  (9  triah^  was  to  uncooked  as 82  9  to  100 

**It  will  be  noted  that  in  everv  instance  but  one,  that  at 
the  Michigan  Agricultural  College,  there  is  a  loss  resulting 
from  cooking ;  in  the  exception  the  gain  is  very  slight,  being 
less  than  two  per  cent.  Even  in  this  case  the  meal  was  not 
really  cooked,  but  scalded  by  boiling  water  being  poured  on 
to  the  meal  in  a  pail  and  covered  up,  while  the  other  meal 
was  fed  wet  with  water." 


CONCLUSIONS. 


**Surely  we  have  data  enough  before  us  to  warrant  the 
statement  that  there  is  a  positive  loss  in  cooking  food  for 
fattening  hogs. 
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"These  results  are  a  surprise  to  the  writer  as  they  may  be 
to  the  reader,  for  while  one  may  suppose  that  it  might  be 
shown  that  there  is  no  gain  by  cooking,  it  is  remarkable 
that  there  should  be  a  positive  loss  thereby.  While  unpre- 
pared to  explain  this  loss  by  cooking  to-  the  satisfaction  of 
all  our  readers,  we  may  note  the  following :  Hogs  fed  cook- 
ed food  do  not  consume  quite  so  much  as  a  rule  in  a  given 
time;  as  gain  in  weight  comes  from  the  excess  of  food 
digested  above  that  required  for  maintenance,  then  the  extra 
amount  consumed  might  all  go  to  give  increased  weight. 

**We  have  the  facts,  and  have  them  in  such  shape  that 
they  can  he  used  by  our  farmers;  it  will  require  careful 
research  to  give  the  reasons,  but  in  practice  we  are  certainly 
warranted  in  not  cooking  food  for  fattening  swine.'* 
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BozEMAX,  Montana,  June,  1894. 
S.  M.  EMERY, 

Director  Agricultural  Experiment  Station, 
Bozeman: 

Sir:  The  folloAving  bulletin  upon  glanders  is  designed  to 
bring  to  the  notice  of  Montana  horse-owners  the  various 
forms  which  this  disease  assumes  under  varying  conditions, 
and  especially  to  the  character  it  presents  under  the  influence 
of  the  climatic  and  other  conditions  resulting  from  the  high 
altitude  and  dry  atmosphere  of  the  Rocky  Mountain  region. 

One  of  the  chief  causes  for  the  prevalence  of  glanders  in 
this  and  other  Rocky  Mountain  states  is  the  verj'  different 
form  which  the  disease  assumes  in  comparison  with  other 
states  and  it  is  chiefly  through  a  better  understanding  of 
these  variations,  on  the  part  of  the  horse-owners,  that  we 
can  hope  to  successfully  combat  it. 

The  constant  aim  has  been,  while  maintaining  scientific 
accuracy',  either  to  use  common  language  or  in  case  of  the  use 
of  technical  terms  to  follow  them  immediatelv  bv  common 
explanatory'  words. 

Respectfulh'  submitted, 

V.  L.  WILLIAMS,  V.  S. 


Montana  Experiment  Station. 
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GLANDERS. 


BY  W.  L.  WILLIAMS,  V.  S. 

Glanders,  and  its  external  form  designated  as  farcy,  has 
been  known  from  earl3'  antiquity,  having  been  described  by 
Aristotle  in    the  fourth  century  before  Christ. 

In  the  fourth  century  A.  D.,  Apsyrtus,  a  veterinary  officer 
in  the  army  of  Constantine  the  Great,  described  both  glan- 
ders and  farcy,  and  at  about  the  same  time  Vegetius  de- 
scribed both  as  contagious  diseases,  advised  the  separation 
of  diseased  from  healthy  animals  and  the  careful  disposition 
of  carcasses  of  animals  which  had  died  from  or  been  killed 
for  glanders.  From  the  12th  to  the  19th  century  glanders 
was  frequently  described  by  leading  veterinarians,  their 
writings  increasing  in  interest  and  volume  as  the  disease  be- 
came more  and  more  common  and  widely  diffused. 

The  ideas  of  the  various  writers  were  naturall}^  some- 
what discordant  as  the  nature  of  the  disease  ^vas  then  little 
known.  It  was  quite  universally  held  by  early  writers  that 
glanders  and  farcy  were  identical,  and  received  their  names 
from  a  difference  in  location  of  the  effects  of  the  disease.  A 
few  held  that  glanders  and  farcy  were  t^vo  distinct  diseases. 
The  acute  or  severe  form  of  glanders  was  uniformly  recog- 
nized as  contagious  and  generally  also  the  chronic  or  mild 
form  was  regarded  as  transmissible,  but  there  were  some 
veterinarians  who  denied  the  contagiousness  of  the  latter. 
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The  most  important  controversy  among  veterinarians  of  the 
early  and  middle  ages  and  up  to  almost  the  present  time  was 
the  source  or  origin  of  the  disease.  While  practically  all  were 
agreed  that  most  cases  originated  entirely  by  contagion ^ 
most  of  them  strenuously  maintained  that  it  frequently 
arose  spontaneously  owing  to  other  diseases  or  to  debilitat- 
ing influences,  such  as  severe  strangles  or  distemper,  expos- 
ure to  cold  or  wet,  severe  work,  extreme  blood-letting,  par- 
tial starvation,  the  use  of  damaged  hay  or  grain, unhealthy, 
overcrowded  stables,  overfeeding,  etc. 

Chief  among  those  contending  that  the  disease  arose  only 
through  contagion  was  Gerlach,  of  Germany,  who  about 
1868  stoutly  asserted  that  it  could  not  arise  spontaneouslj'. 
At  the  other  extreme  stood  Delalond,  one  of  the  ablest  vet- 
erinarians of  France,  who  taught  that  only  in  the  acute  form 
could  contagion  occur,  and  that  consequentl3''  chronic  glan- 
ders should  not  come  under  police  control. 

The  advent  of  the  microscope  as  an  aid  in  the  study  of 
medicine  exerted  the  same  influence  in  relation  to  glanders  as 
w'ith  other  diseases,  and  early  in  the  latter  half  of  this  cen- 
tury the  renowned  Virchow  described  the  microscopical  ap- 
pearance of  its  diseased  parts,  especially  describing  the 
changes  taking  place  in  the  glanders  tubercles  or  nodules  ex- 
isting in  various  tissues  of  the  body,  chiefly  in  the  lungs. 

Finally,  about  1881,  several  investigators,  among  them 
Bouchard,  Capitan  and  Charin,  found  in  the  discharges  from 
the  nose  and  in  the  lungs,  spleen  and  other  organs,  a  bacillus 
which  they  cultivated  artificially  in  meat  broth  and  from  the 
fifth  generation  of  these  cultivations  induced  glanders  in 
cats,  guinea-pigs  and  asses. 

Closely  following  the  work  of  the  above  investigators 
Loeffler  and  Shutz,of  the  imperial  health  office  at  Berlin,  suc- 
ceeded in  cultivating  upon  sterilized  blood  serum  of  the  horse 
and  sheep  the  pure  glanders  germ  {bacillus  malleus)  from  the 
tubercles  found  in  the  lungs  and  spleen  of  glandered  horses, 
and  with  these  pure  cultures  transmitted  the  disease  to  rab- 
bits, guinea-pigs,  horses  and  field  mice. 
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This  work  of  Loeffler  and  Shutz  in  1881  definitely  estab- 
lished the  fact  that  glanders  is  a  specific  contagious  disease, 
dne  solely  to  the  glanders  bacillus,  and  that  the  disease  is  in- 
capable of  spontaneous  generation,  but  must  at  all  times  de- 
pend upon  the  presence  of  the  bacilli  which  must  in  turn  be 
derived  from  parent  bacilli  of  the  same  kind. 

The  essential  nature  of  the  disease  having  become  known, 
glanders  has  been  the  subject  of  much  study  and  investiga- 
tion b\'  eminent  veterinarians  and  bacteriologists.  The  most 
of  these  investigations  have  been  in  relation  to  the  character 
of  the  bacilli  and  the  glanders  lymph  or  mallein  first  de- 
scribed by  Kalning  and  Helman  in  1891,  a  product  of  the 
glanders  bacillus  which  when  injected  into  the  sj'stem  of  a 
horse  affected  with  glanders  causes  a  marked  elevation  of  the 
bod3'  temperature  or  fever. 

Probably  no  contagious  disease  of  the  horse  is  so  widely 
spread,  there  being  but  one  countrj- — Australia — so  far  as  we 
can  learn  in  w^hich  the  horses  are  reputed  to  be  wholly  free 
from  glanders.  Its  prevalence  in  different  countries  varies 
very  greatl3%  however,  and  there  are  also  great  variations  in 
the  prevalence  of  the  disease  in  the  same  country  at  different 
epochs.  It  affects  not  only  the  horse  but  spreads  by  contact 
directlv  or  indirectlv  to  the  ass,  mule,  and  other  solid  hoofed 
animals  and  to  man. 

It  is  readily  transmissible  by  inoculation  also  to  guinea- 
pigs,  rabbits,  some  species  of  rats,  field  mice  and  other  small 
animals.  Through  the  eating  of  the  meat  of  glandered 
animals  the  disease  has  been  observed  in  dogs,  cats,  lions, 
panthers,  tigers,  etc.  It  has  been  transmitted  to  the  sheep 
and  goat.  Pigs  are  not  readih-,  if  at  all,  affected,  while  cat- 
tle apparenth^  resist  the  disease  entireW. 

The  disease  has  been  recognized  in  man  since  1821  and 
re-inoculated  from  man  to  the  horse  or  ass,  produces  the 
malady  in  its  usual  form.  Of  solid  hoofed  animals,  although 
the  horse  is  most  frequentW  affected,  the  mule  and  ass  con- 
tract the  disease  more  readily  and  it  is  more  rapidly  fatal 
among  them. 
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CAUSES. 

The  cause  of  glanders  and  farcy,  as  has  already  been 
stated,  is  a  living  organism  belonging  to  the  group  known 
generally  as  bacteria  under  the  specific  name  of  bacillus  mal- 
leus or  glanders  bacillus.  Glanders  bacilli  are  straight  or  very 
slightly  bent  cylindrical  rods  in  length  Vq — %  the  diameter  of 
a  red  blood  cell  and  one-eighth  to  one-fifth  as  thick  as  long; 
l-9000th  to  l-6000th  inch  long,  l-60,000th  to  l-40,000th  in. 
thick.  These  germs  are  readily  cultivated  in  blood  serum  or 
in  bouillon  from  the  flesh  of  the  horse,  in  gelatin  or  on  pota- 
to. The  glanders  germ  has  not  been  found  growing  outside 
the  animal  body  except  in  artificial  cultures,  and  it  is  conse- 
quentl3^  held  that  the  disease  can  be  obtained  by  animal  or 
man  onlv  from  an  affected  animal  either  directlv  or  indirect- 
ly.  The  germc,  outside  the  body  retain  their  life  and  vitality' 
under  ordinary'  conditions  in  a  moderately  dry  state  for  four 
or  five  months,  although  when  exposed  freel3'  to  very  dry 
air  with  sunlight  they  probabW  perish  in  a  few  da\-s,  and 
when  in  water  or  decomposing  fluids  they  perish  in  two  or 
three  wrecks.  On  the  other  hand  w^hen  large  quantities  of 
glanders  matter  is  thickh'  smeared  or  spread  over  stalls  or 
mangers  in  stables  where  it  is  protected  firom  rain  and  in  a 
measure  from  light  and  the  deeper  parts  well  excluded  from 
the  air  the  germs  seem  to  retain  their  vitality  for  a  year  or 
more. 

PATHOLOGY. 

The  glanders  germ  being  much  smaller  than  blood  cells 
X^ermits  their  being  carried  by  means  of  the  blood  and  lymph, 
or  absorbent  vessels  to  all  living  parts  of  the  body.  The 
lymphatic  or  absorbent  vessels  are  apparenth'  more  active 
in  distributing  the  germs  over  the  bod}-  than  are  the  blood- 
vessels. The  bacilli  or  germs  multiply  very  rapidh',  and  sho^v 
a  marked  tendency  to  the  formation  of  clusters  or  groups  in 
various  tissues.  When  inoculated  beneath  the  skin  or  into  a 
wound  the  germs  usualh'-  multiply  quite  rapidh^  for  a  time 
in  the  immediate  part,  causing  great  pain,  swelling  and  in 
white  or  light  colored  skins,  redness. 
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The  local  irritation  caused  by  the  presence  of  the  germs 
and  the  poison  given  off  by  them  may  cause  the  formation 
of  a  pustule  or  boil  (farcy  bud)  which  may  break  and  dis- 
charge pus  or  matter  and  may  heal  rapidly  or  slowly,  or  in 
some  cases  tend  to  constantly  spread,  forming  an  unhealthy, 
erodent  or  eating  ulcer. 

Later  the  local  symptoms  may  partly  or  w-hollj*^  disap- 
pear and  a  general  dissemination  or  scattering  of  the  dis- 
ease over  the  entire  body  occur.  Externally  in  the  skin  or 
parts  immediately  beneath  it,  successive  crops  of  farcy  buds 
may  appear  along  the  course  of  the  lymphatic  or  absorbent 
vessels  spreading  from  the  point  of  inoculation  toward  the 
heart,  these  farcy  buds  occurring  in  the  lymphatic  glands 
(commonh'  known  as  **kemels'')  while  the  ly^mphatic  vessels 
extending  between  the  glands  become  swollen,  making  a  line 
or  ridge  connecting  the  glands  with  each  other,  and  giving 
the  appearance  of  a  rosemary. 

Prominent  among  the  disease  processes  taking  place  are 
those  to  be  observed  in  the  lining  membrane  of  the  nostrils, 
especially  that  portion  covering  the  partition  between  the 
two  nostrils — the  septum  nasi.  The  glanders  germs  multi- 
ph'ing  here  cause  the  formation  of  a  small  papule  or  pimple 
with  a  hardened  base  which  matures  somewhat  rapidl3'^,  pus 
or  matter  forms,  the  pustule  breaks  and  discharges  its  con- 
tents, leaving  a  ragged  looking  ulcer  with  abruptly  raised 
edges,  the  center  of  the  ulcer  being  depressed  below  the  sur- 
rounding surface  (see  A  in  Figs.  I,  II,  1  and  III) .  These  papules 
are  small  in  size,  about  that  of  a  grain  of  mustard  to  that 
of  a  small  pea,  and  the  consequent  ulcer  may  be  of  but  little 
greater  extent  and  in  mild  cases  may  not  be  deeper  than  the 
mucous  or  lining  membrane,  and  once  the  pustule  has  rup- 
tured the  ulcer  may  heal  promptly  without  leaving  a  scar  as 
would  be  the  casein  Fig.  III.  Usually,  however,  the  ulcer 
spreads,  attaining  a  diameter  of  one-eighth  to  three-sixteenth 
inches  or  more;  and  extending  down  into  the  parts  beneath 
the  mucuous  membrane  as  seen  at  A  in  Figs.  I  and  11,1,  in 
which  case  if  the  disease  is  sufficientlv  mild  in  character  the 
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ulcers  heal  somewhat  slowly,  leaving  a  white,  wrinkled,  stel- 
late (star-shaped)  scar  which  remains  for  years. 

In  man3^  other  cases  the  ulcers  in  the  nostrils  are  very 
numerous  and  the  area  of  each  gradually  extends  until 
several  or  many  of  these  become  confluent  or  united  into  one 
extensive  ulcerating  patch  which  may  cover  the  entire  nasal 
partition  on  one  or  both  sides,  as  in  Figs.  VI  A  to  A  and  the 
entire  surface  of  Fig.  Y,  and  these  ulcerating,  eroding  patches 
ma}'^  extend  deeper  until  the  cartilaginous  (gristly)  frame 
work  of  the  nasal  partition  is  reached  and  even  perforated 
from  side  to  side,  as  seen  at  B  Fig.  II  2. 

Finall3^  these  extensive  ulcerating  patches  may  entirely 
heal,  owing  to  improved  condition  of  the  animal,  leaving 
very  pronounced,  permanent  scars,  as  at  A  Fig.  YII  and  B 
Fig.  I.  The  mucous  membrane  lining  the  outer  wall  of  the 
nostrils  and  covering  the  thin  turbinated  bones  attached  to 
the  outer  nostril  wall,  one  of  which  is  represented  at  1  Fig. 
II,  are  affected  the  same  as  that  covering  the  nasal  partition 
but  usually  to  a  less  degree,  and  the  same  is  true  of  the  lining 
membrane  of  the  large  sinuses  or  cavities  of  the  face. 

These  disease  processes  result  in  a  discharge  from  the 
nostrils  corresponding  in  kind  and  amount  to  the  ulceration. 
During  the  earlier  stages,  when  the  pimples  are  forming,  the 
irritation  causes  a  serous  or  watery  discharge  corresponding 
somewhat  in  quantity  to  the  number  of  chancres  or  pimples. 
This  is  followed  when  the  nodules  rupture  and  ulceration  be- 
gins, by  a  thick,  transparent,  sticky  discharge  w^hich,  in  case 
of  very  extensive  ulceration  as  in  Figs.  V  and  VII,  is  likely  to 
be  mixed  with  blood,  due  to  the  ulcerating  process  destroy- 
ing the  walls  of  blood-vessels.  Should  the  ulceration  extend 
deeper  and  involve  the  cartilage,  as  seen  at  A  in  Fig.  V,  or 
the  bone,  the  discharge  becomes  very  abundant,  flaky  and 
clotty  and  extremely  fetid  (stinking).  As  the  ulcers  heal,  in 
cases  where  there  is  a  tendency  to  recovery,  the  discharge 
correspondingly  diminishes  in  amount  and  loses,  if  it  has 
ever  attained,  its  stinking  or  bloody  character,  becoming 
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white,  transparent  and  sticky  and  finally  disappears  wholly 
when  the  ulcers  have  all  healed. 

The  changes  which  we  have  just  described  as  occurring 
in  the  nostrils  are  quite  commonly  met  with  also  in  the 
larynx  or  upper  part  of  the  windpipe,  the  irritation  from 
these  ulcers  producing  a  frequent  hacking  cough,  quite  pecu- 
liar in  character,  differing  from  the  cough  caused  by  other 
affections. 

The  organs  most  universally  affected  in  glanders  are  the 
lungs,  the  disease  comporting  itself  in  this  respect  much  like 
tuberculosis  (consumption).  In  many  cases  the  lungs  ap- 
pear to  be  the  part  first  infected,  due  to  inhalation  of  the 
glanders  germs,  an  accident  which  caitnot  well  happen  except 
when  an  affected  and  ahealthv  animal  are  in  close  contact  and 
breathing  forcibly,  as  when  working  together  and  drawing 
a  heavy  loa<J;  or  when  closely  confined  in  a  crowded,  illy-ven- 
tilated stable.  When  not  primarily  affected  in  this  manner, 
the  glanders  germs  in  most  cases  soon  find  their  way  to  the 
lungs  from  the  diseased  parts  by  being  carried  through  the 
blood  stream. 

Once  in  the  lungs  the  glanders  germs  become  lodged  and 
multiply,  forming  small  colonies  or  clusters  around  which  a 
tough,  clear  capsule  or  sac  is  formed,  enclosing  them  more  or 
less  perfectly,  forming  glanders  tubercles  or  nodules  usually 
about  the  size  of  a  mustard  seed.  These  tubercles  may 
soften  and  break  open,  freeing  the  glanders  bacilli,  or  their 
walls  may  become  thickened  and  hardened  by  the  deposit  of 
lime,  the  germs  being  securely  enclosed  and  tending  to  finally 
perish  in  their  prison-like  surroundings. 

When  these  tubercles  become  ven.'  numerous  they  ma}'' 
interfere  with  the  patient's  breathing  by  occupying  too  great 
a  part  of  the  lungs,  thus  diminishing  their  capacity  and  caus- 
ing therebj^  a  jerky  breathing  somewhat  like  heaves.  In  case 
of  great  numbers  of  tubercles,  too,  their  presence  is  liable  at 
any  time,  esj^ecialh^  with  slight  exposure  to  cold  or  wet,  to 
cause  an  Inflammation  of  the  lungs,  or  glanders  pneumonia. 
The  infection  of  the  lungs  generally  corresponds  in  some  de- 
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gree  with  the  general  infection  of  the  body,  but  is  usually 
more  pronounced  in  very  old  cases,  giving  the  lungs  upon 
post  mortem  examination  a  lumpy  feel.  In  very  dry,  equa- 
ble climates,  especially  at  high  altitudes,  the  number  of  tu- 
burcles  in  the  lungs  do  not  appear  to  be  nearly  so  great  as  at 
lower  levels,  and  the  bacilli  probably  more  frequently  perish 
and  the  tubercles  .thereby''  disappear. 

Glanders  tubercles  or  nodules  occur  frequentl3^  in  other 
internal  organs,  the  liver,  spleen,  and  other  parts.  At  other 
times  these  deposits  occur  about  or  in  joints  or  in  the  cover- 
ings of  the  brain  and  spinal  cord  or  marrow  of  the  back  bone. 

SYMPTOMS. 

The  symptoms  of  glanders  must  necessarily  val-y  greatly 
according  to  the  parts  chiefly  affected  and  in  what  degree, 
whether  the  entire  system  suffers  from  the  general  infection, 
or  if  the  disease  be  large]3^  localized  in  one  or  more  organs. 
Constitutional  symptoms,  such  as  fever,  shivering,  loss  of 
appetite,  debility,  and  rapid  loss  of  flesh  are  only  induced  in 
virulent  cases  or  what  is  known  as  acute  glanders,  and  these 
symptoms  are  due,  not  so  much  to  the  presence  and  action 
of  the  germs  themselves  as  to  the  poisons  given  off  by  them. 
Consequently  we  observe  in  the  first  stages  of  acute  gland- 
ers, before  any  distinctive  signs  present  themselves,  the  gen- 
eral symptoms  of  an  infectious  fever,  the  animal  showing 
dullness,  shivering,  staring  coat,  high  fever,  and  other  sj-^mp- 
toms  of  general  illness. 

Should  the  attack  continue  severe,  local  sj-mptoms  char- 
acteristic of  glanders  generally  become  evident  in  a  very  few 
days,  most  uniformly  and  prominently  in  the  nostrils.  At 
first  there  appears  upon  the  membrane  lining  the  nostrils 
whitish  papules  or  pimples  of  the  size  of  a  mustard  seed  or 
larger,  having  red  bases.  Pus  or  matter  soon  forms  within 
them,  the  pimples  rupture,  leaving  an  angr\'-looking,  ragged- 
edged  ulcer,  as  seen  about  the  margin  of  Fig.  VI,  which  has 
a  tendencA^  to  spread  and  enlarge,  soon  coalescing  or  uniting 
with  other  neighboring  ulcers  forming  large  ulcerating 
patches  which  may  include  the  greater  part  or  entire  area  of 


Bulletin  No.  4.  GLANDERS.  June,  '94.       75 

one  or  both  sides  of  the  partition  between  the  nostrils,  as 
seen  in  Figs.  II,  V  and  VI,  and  affecting  as  well,  but  usually 
in  a  lesser  degree,  the  other  portions  of  the  nostril  cavity, 
that  is,  the  mucous  membrane  of  the  outer  wall  and  the 
surface  of  the  turbinated  bones  (small;  elongated,  thin,  fra- 
gile bones  in  the  nasal  caYit3^  attached  to  the  outer  wall  of 
nostril)  as  at  A  Fig.  II,  1. 

This  ulcerative  process  may  extend  through  the  mucous 
membrane  and  the  tissues  immediatelv  beneath  it  and  attack 
the  cartilage  forming  the  gristly  framework  in  the  nose  par- 
tition, as  at  A  Fig.  V,  or  may  even  penetrate  entirely  through 
it,  as  seen  in  Fig.  II,  2  B. 

Between  these  severe  cases  and  those  in  which  there  are 
no  ulcerations  in  the  nostrils  whatever — a  class  of  cases  by 
no  means  rare — there  is  every  possible  gradation  of  symp- 
toms, leading  various  writers  to  attempt  to  classify  them  as 
acute  and  chronic  nasal  glanders  and  some  authors,  finding 
it  difficult  to  draw  the  line  between  these  two,  have  added  a 
third  class  described  as  sub-acute,  but  have  failed  to  make 
the  classification  any  more  accurate  or  valuable. 

These  classifications  of  glanders  into  acute,  sub-acute 
and  chronic  is  purely  one  for  descriptive  purposes  without 
anv  natural  boundaries  or  differences,  the  chronic  case  fre- 
quently  becoming  acute,  when  the  animal  is  exposed  or  at- 
tacked by  other  disease,  and  the  acute  in  its  turn  changing 
sometimes  to  mild  or  chronic  glanders,  under  the  influence  of 
better  care  and  surroundings,  the  two  diseases  united  b}'  im- 
perceptible gradations  making  an  exact  classification  im- 
possible. 

Even  in  severe  cases,  improvement  is  possible  so  that 
where  the  ulceration  and  death  of  tissue  has  extended  so 
deeply  as  to  perforate  the  nose  partition  by  large  openings, 
under  beneficial  conditions,  betterment  may  occur  to  such  a 
degree  that  the  cartilage  which  has  been  laid  bare  is  covered 
over  with  granulations  and  undergoing  a  marked  process  of 
healing,  as  in  Fig.  II,  In  somewhat  milder  cases  of  less  du- 
ration, the  ulcerated  patches  may  not  extend  very  widely 
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but  remain  of  comparatively  small  size  Vs  to  M  inch  in  diam- 
eter, as  in  Fig.  I  A,  and  not  extending  to  the  cartilage,  while 
over  the  spaces  intervening  between  these  patches,  isolated, 
small  ulcers  may  be  found  as  in  Fig.  I^  at  the  lower  portion. 
These  smaller  ulcerated  patches  show  a  much  greater, ten- 
dency to  heal  than  do  those  in  the  more  acute  type  accom- 
panied by  larger  ulcerating  patches  extending  deeper  into  the 
tissues.  In  healing,  these  patches,  leave  depressed,  wrinkled 
scars  like  those  shown  in  Fig.  I  B  and  Fig.  VII  A.  In  yet 
milder  cases,  the  ulcerations  are  very  small  in  extent  and  few 
in  numbers,  as  in  Fig.  Ill,  most  all  of  these  ulcers  remaining 
entirely  isolated  and  are  very  small  and  shallow.  These  sol- 
itary ulcers  heal,  leaving  in  some  of  the  larger  and  deeper 
ones  a  small  white  scar,  which  has  a  tendency  to  wholly  dis- 
appear in  time,  while  in  the  smaller,  and  especially  in  the 
very  shallow  ulcers  like  those  seen  at  A  Fig.  Ill,  heal  quickly, 
leaving  no  trace  of  their  previous  existence. 

The  majority  of  these  ulcerations  occur  high  up  in  the 
nostrils,  where  they  are  difficult  or  impossible  of  detection  in 
the  living  animal,  and  they  occur  high  up,  beyond  view,  in 
proportion  generally  as  the  case  is  mild,  while  in  the  severe 
cases,  where  the  nose  partition  is  attacked  and  destro\'ed, 
this  destruction  occurs  so  far  as  we  have  seen,  at  the  lower 
part  of  the  nostril  in  plain  sight.  Consequently  although 
there  may  be  a  considerable  number  of  ulcers  within  the  nos- 
tril,  few  or  none  may  be  in  sight  in  mild  cases  and  onl\'  dis- 
coverable by  post  mortem  examination.  The  glanders  pa- 
pules or  chancres,  with  their  resulting  ulcers,  appear  in  suc- 
cessive crops,  all  stages  being  found  at  times  in  the  same  ani- 
mal, new  ulcers  constantly  forming,  while  older  ones  are 
healing,  month  after  month,  and  year  after  year,  in  the  mild- 
er cases  where  complete  healing  does  not  occur.  This  is  well 
illustrated  in  Figs.  I  and  VII  in  which  at  A  in  I  and  B  in  VII 
fresh  ulcers  are  seen  while  at  B  in  I  and  A  in  VII  scars  showing 
the  seat  of  healed  ulcers  are  apparent. 

The  presence  of  these  ulcers  in  the  nostrils  is  responsible 
for  two  of  the  most  constant  s\^mptoms  of  nasal  glanders: 
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nasal  discharge  and  the  swelling  of  the  glands  beneath  the 
jaws,  from  which  latter  the  disease  derives  its  name,  gland- 
ers, both  of  these  symptoms  being  parallel  generally  to  the 
amount  of  active  ulceration  occurring.  If  ulcers  exist  in 
both  nostrils,  the  discharge  issues  from  both,  while  w^hen  one 
side  only  is  affected,  the  discharge  comes  from  the  affected 
side  only  while  the  swellings  of  the  glands  correspond  gener- 
allv  in  like  manner. 

In  the  early  stages  before  ulceration  has  taken  place,  the 

discharge  resulting  merely  from  the  irritated,  congested  mu- 
cous  membrane,  is  thin  and  watery  in  character,  but  when 
the  ulceration  occurs  the  discharge  becomes  thicker,  viscid, 
sticky,  partly  transparent,  not  unlike  the  white  of  an  egg^ 
and  adheres,  owing  to  its  sticky  character,  to  the  hairs  and 
skin  about  the  edges  of  the  nostrils  where  it  forms  hard,  dry, 
tough,  dirty,  brownish  crusts,  which  in  drying,  contract, 
tending  to  draw  the  edges  of  the  nostrils  inward,  and  de- 
creasing either  really  or  apparently,  the  size  of  the  nostril 
opening.  The  discharge  of  glanders  at  this  stage  is  of  heavy 
specific  gravity,  somewhat  heavier  than  water. 

In  severe  cases,  such  as  illustrated  in  Fig.  V,  considerable 
sized  particles  of  the  tissues  die,  and  are  cast  off  in  the  dis- 
charge giving  it  a  flaky,  dirty  opaque  appearance.  In  many 
of  the  severe  cases  the  discharge  is  mixed  with  blood  while 
in  all  cases  of  moderate  severity,  bleeding  at  the  nose  may 
occur  owing  to  ulcers  destroying*  the  -walls  of  the  blood  ves- 
sels, and  thus  allowing  the  free  escape  of  blood. 

There  is  generally  no  smell  present  in  glanders,  but  when 
the  ulcerations  extend  so  deeply  as  to  involve  the  cartilage 
of  the  nose  partition,  as  in  Figs.  II,  V  and  VI,  the  discharge 
then  becomes  very  offensive  and  stinking.  The  discharge 
usually  continues  closely  parallel  to  the  active  ulceration;  as 
the  ulcers  increase  in  numbers,  size  and  depth,  the  discharge 
increases  while  as  the  ulcers  heal,  the  discharge  diminishes, 
and  when  all  have  healed  it  ceases;  to  return  again  when, 
owing  to  exposure  or  other  causes,  the  ulcers  reappear. 

The  swelling  of  the  glands  beneath  the  jaws  (sub-maxil- 
lary lymphatic  glands)  corresponds  usually  to  the  degree  and 
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character  of  the  ulceration  in  the  nostrils.  These  glands, 
normally  barely  capable  of  being  felt  by  the  fingers,  ly- 
ing loosely  beneath  the  skin,  of  oblong  shape  about  %  inches 
long  by  H  inches  in  diameter,  soft  and  irregular  in  outline, 
soon  change  in  size,  consistency'  and  sensibility  upon  the  ad- 
vent of  nasal  glanders.  They  increase  in  size  from  that  of  a 
peanut  in  the  mild  cases,  to  that  of  a  large  hen's  egg  in  the 
severe  ones,  and  become  painful  to  the  touch,  usually  in  pro- 
portion to  the  degree  of  enlargement.  The  gland  is  very- 
hard  to  the  touch  and  presents  a  nodular  or  lumpy  outline 
in  almost  all  cases,  but  in  rare  instances  suppuration  or  the 
formation  of  pus  may  occur  in  the  gland,  in  which  case  the 
outline  tends  to  become  smooth  and  regular.  Swelling  of  the 
glands  is  rarely  absent  in  nasal  glanders,  but  might  occur 
after  the  formation  of  abcesses  (collections  of  pus)  in  them 
and  their  consequent  destruction,  whether  the  abcess  be  due 
to  glanders,  strangles  (distemper),  or  other  diseases. 

In  rare  cases,  too,  unprincipled  jockeys  and  tradei^s  or 
ignorant  quacks,  remove  the  enlarged  glands  surgically,  in 
order  to  deceive  incautious  persons  or  in  the  vain  hope  of 

thus  curing  the  disease. 

In  almost  all  cases,  however,  if  ulcers  exist  in  but  one 

nostril,  the  gland  on  the  same  side  is  aifected,  while  that  on 
the  other  side  remains  normal,  and  if  both  nostrils  are  af- 
fected both  glands  are  diseased  in  like  degree.  Either  one  or 
both  nostrils  may  be  mildly  or  severely  ulcerated.  Figs.  I 
and  IV  represent  the  two  sides  of  one  septum,  one  side  dis- 
eased, the  other  health\%  and  the  septum  represented  in  Fig. 
VI  is  perfectl}^  health}^  on  the  opposite  side,whileinFigs.  II,  V 
and  VII  both  sides  are  almost  equally  affected.  As  the  dis- 
ease increases  in  severity,  the  gland  or  glands  increase  in  size 
and  tenderness,  becoming  smaller  and  less  painful  to  the 
touch  as  the  disease  shows  signs  of  recovery.  At  times  the 
gland  may  be  swollen  out  of  proportion  to  the  ulceration  in 
the  nostril  or  even  mav  remain  swollen  when  ulceration  in 
the  nostril  is  absent,  owing  to  the  presence  of  glanders 
nodules  in  considerable  numbers  in  the  substance  of  the 
gland.    The  swollen  gland  appears  usually  to  be  more  firml3^ 
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attached  to   the  jaw  bone   and  other  surrounding  parts 
than  when  enlarged  f/t)m  other  diseases. 

The   breathing   is  rarely   interfered   with   seriously    in 
nasal  glanders,  but  the  nostrils  may  in  severe  cases  become  ^ 
more  or  less  badly  blocked  up  by  swelling  ol  the  diseased 
parts  or  by  the  collection  of  a  great  amount  of  the  dis- 
charge within  them  or  about  their  openings. 

With,  or,  without  nasal  glanders  there  maj"^  be  symptoms 
referable  to  diseased  conditions  of  the  lungs  or  air  passages. 

The  larynx  is  frequently  affected  as  previously  stated, 
which  induces  a  short,  hacking  cough,  not  unlike  the  cough 
of  tuberculosis  (consumption)  in  man. 

When  the  lungs  become  extensively  affected,  many  nodu- 
les being  deposited  in  them,  the  breathing  becomes  dis- 
turbed, and  as  a  result  becomes  hurried,  the  effort  at  ex- 
piration being  short  and  jerky  somewhat  like  heaves,  but 
lacking  the  double  expiratory  effort  noted  at  the  flank  in  the 
latter  disease. 

In  other  cases  where  lung  tubercles  are  present  in  abund- 
ance, inflammation  of  the  lungs  (glanders,  lung-fever,  or  pneu- 
monia) may  occur,  owing  to  exposure  or  other  depressing 
causes,  the  lungs  becoming  hepatized  (solidified  or  liver-like) 
in  various  parts,  inducing  all  the  symptoms  of  ordinary 
pneumonia  along  with  any  existing  signs  of  glanders  in 
other  parts. 

The  symtoms  which,  next  to  nasal  glanders,  are  most 
common  and  characteristic  are  those  occurring  in  the  exter- 
nal parts  of  the  body  and  giving  rise  to  that  type  of  the  dis- 
ease usually  known  as  **farc3^"  or  **button  farcy.'' 

Farcy  consists  essentially  of  glanderous  inflammation  of 
the  lymphatic  (absorbent)  glands*  of  the  skin  and  parts  im- 
mediately beneath  them. 

*  The  lymphatic  or  absorbent  system  confsists  of  a  scries  of  small  vossels  much 
like  Yeins,  distributed  thickly  throughout  the  body,  flowing  toward  the  heart  and  end* 
ing  near  the  heart  in  one  of  the  larger  veins.  They  take  up  from  the  tissues,  fluid 
particles,  containing  some  small  ceils  or  corpuscles  forming  a  liquid  known  as  lymph  or 
"white  blood"  which  is  finally  emptied  into  the  blood  vessels  just  before  reaching  the 
heart.  This  lymph  in  passing  from  the  surface  of  the  body  to  the  heart  passes  through 
one  or  more  lymphatic  glands  (kernels)  in  which  the  lymphatic  vessels  are  broken  up 
into  very  fine  branches  and  folded  upon  themselves  in  an  intricate  manner. 
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Farcy  maybe  either  primar\^orsecondar3%that  is,  it  may 
exist  before  internal  glanders  has  become  established,  due  to 
inoculation  at  or  near  the  affected  part,  or  it  may  develop 
•  late  in  the  disease  as  a  result  of  general  infection  of  the  sys- 
tem. Farcy  is  due  to  the  growth  and  irritation  of  glanders 
bacilli  and  to  their  poisons  in  the  lymph  glands  and  vessels, 
the  glands  becoming  swollen  and  painful  to  the  touch,  in- 
creasing in  size  during  few  to  man}-^  days,  according  largely 
to  the  virulence  of  the  disease,  when  finally  suppuration  (or 
the  formation  of  pus)  occurs,  the  enlarged  gland  softening 
and  rupturing,  discharging  pus  (or  matter)  which  varies 
much  in  consistency  according  to  the  virulence  of  the  disease, 
in  some  of  the  milder  cases  being  thick,  yellowish  white,  dry- 
ing into  dirty  brownish  crusts  about  the  edges  of  the  open 
abscess,  while  in  more  severe  cases  it  may  be  thin,  flaky,  foul 
smelling,  blood3'  and  irritating,  excoriating  the  skin  over 
which  it  runs,  removing  the  hair,  and  leaving  the  skin  raw. 
The  abscesses  (farc3'  buds)  vary  in  size,  partly  according  to 
the  size  of  the  gland  undergoing  suppuration  so  that  near 
the  feet  farc\^  buds  on  the  legs  are  usualh^  quite  small,-  at 
times  no  larger  than  a  small  pea,  while  as  the  disease  as- 
cends toward  the  body  the  farcv  buds  or  boils  become 
larger  and  larger,  finalh*  reaching  at  times  the  size  of  hen's 
eggs  along  the  inside  of  the  thigh  or  in  the  groin.  The  sev- 
erity of  the  attack  also  modifies  the  size  of  farcv  buds,  thev 
being  usually  larger  as  the  disease  is  more  severe.  As  a  rule 
the  abscesses  form  a  series,  appearing  successfully  from  the 
most  external  parts  along  the  course  of  the  lymphatics  to- 
ward the  heart.  For  example,  if  farcy  begins  at  or  near  a 
hind  foot,  the  glands  nearest  in  the  course  of  the  lymphatics 
first  suppurate  and  break,  followed  closel3^  b^'  those  next 
above,  these  to  be  followed  again  b}-  those  still  higher  until 
the  groin  is  reached  and  the  lymphatics  disappear  within  the 
bell  v. 

The  lymphatic  veins  or  vessels  stretching  between  the 
affected  glands  become  swollen  and  cord-like  thus  connecting 
the  entire  series  of  glands  into  a  rosemar3'-like  chain. 

In  severe  cases  the  ulcers,  resulting  from  the  rupture  of 
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the  farcy  buds,  are  very  unhealthy  and  may  spread  rapidly, 
showing  no  tendency  whatever  to  heal,  or  in  less  severe  cases 
they  may  heal  tardily,  leaving  a  hairless  scar,  while  in  ver\'^ 
mild  cases  they  heal  promptly,  leaving  but  a  slight  scar. 

In  most  cases  of  farcy  the  parts  in  the  neighborhood  of 
the  suppurating  and  ulcerating  lymph  glands  become  in- 
flamed and  swollen,  the  swelling  frequently  persisting  for  a   * 
considerable  time  after  the  healing  of  the  ulcers. 

Farcy  rarely  exists  independent  of  internal  glanders,  but 
when  primary,  that  is,  when  it  is  the  result  of  inoculation  in 
the  affected  part,  it  may  remain  wholly  local  for.  several 
months  and  in  rare  cases  recover  without  general  glanders 
developing. 

Since  glanders  is,  with  rare  exceptions,  a  constitutionaj 
malady  and  almost  all  organs  and  tissues  subject  to  infection 
through  the  blood  and  lymph,  the  disease  is  likely  to  develop 
at  any  time,  peculiar  and  uncommon  symptoms  referable  to 
disease  changes  taking  place  in  organs  or  parts  not  gener- 
ally much  aifected.  Occasionally  in  well  marked  case»  of  * 
glanders,  at  other  times  in  cases  where  the  usual  sA'mptoms 
are  wholly'  wanting,  severe  inflammation  of  a  joint  may  de- 
velop very  suddenly,  rendering  the  animal  able  to  put  little 
if  any  weight  upon  the  affected  limb.  This  glanderous  inflam- 
mation of  joints  appears  without  know-n  cause,  and  usually 
persists  for  a  considerable  length  of  time,  leaving  in  man\^ 
cases,  changes  in  the  joint  which  are  likeh^  to  cause  the  re- 
vival of  symptoms  at  any  time,  for  the  most  trivial  reasons. 

In  other  cases  the  joints  in  the  neck  or  the  coverings  of 
the  spinal  cord  (or  marrow)  in  the  neck  ma}'  suffer  from 
glanderous  inflammation  resulting  in  an  extremel}^  painful, 
stiff  neck  in  which  the  animal  carries  the  head  and  neck 
rigidh^  in  as  nearly  as  possible  a  straight  line,  unable  to  lower 
or  raise  the  head  or  bend  the  neck  either  to  the  right  or  left. 
These  symptoms  may  be  accompanied  by  those  common  to 
either  glanders  or  fare}',  or  maybe  the  first  symptoms  obser- 
vable. Bleeding  at  the  nose  without  apparent  cause  is  not 
infrequent  in  cases  of  glanders  even  though  no  ulcerations  in 
the  nostrils  are  apparent. 
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In  a  large  number  of  cases  of  glanders  the  symptoms  are 
very  slight,  and  not  infrequently  no  symptons  are  discernible 
whatever  upon  ordinary  examination  even  though  the  ani- 
mal may  have  been  affected  for  months  or  even  years. 

In  some  cases,  when  distinct  local  symptoms  are  wanting, 
there  is  a  general  want  of  thrift,  with  rough  staring  coat, 
and  perhaps  an  occasional  hacking  cough. 

In  other  cases,  there  may  be  evidences  of  previous  ulcera- 
tions  having  taken  place  in  the  nostrils,  in  the  form  of  small 
whitish  star-shaped,  vsrrinkled  depressed  scars,  while  in  some 
animals -the  disease  may  be  limited  solely,  so  far  as  can  be 
found  upon  post-mortem  examination,  to  the  existence  of 
glanders  tubercles  or  nodules  in  the  lungs  or  other  internal 
organs  to  such  an  extent  as  not  to  interfere  with  their  normal 
functions,  the  animal  remaining  fat  and  presenting  in  general 
all  signs  of  robust  health,  and  perfectly  capable  of  perform- 
ing ordinary  Work  for  months  or  years,  at  all  times  retain- 
ing good  general  health.  These  forms  of  the  disease,  unre- 
cognizable by  means  of  ordinary  examination,  have  been  vari- 
ously described  as  latent,  internal  or  masked  glanders. 

These  wide  variations  in  the  symptoms  of  glanders  are 
in  a  great  part  explainable,  the  disease  being  delicately  sen- 
sitive to  any  and  all  surroundings  and  conditions  which  in 
any  way  affect  the  general  health  of  the  patient. 

Influences   which  Modify   the  Symptoms   and   Character  of 

Glanders : 


CLIMATE. 

Of  all  conditions  affecting  glanders,  climate  exerts  the 
most  notable  influence,  rendering  the  horses  of  some  coun- 
tries almost  wholly  exempt,  while  those  of  other  countries 
suffer  extensively  and  severelj^.  The  disease  has  been  for 
many  years  extensive  and  severe  throughout  central  and 
northern  Europe,  and  Great  Britain.  Although  having  alarge 
number  of  horses  the  Australian  continent  is  said  to  be  free 
from  the  disease,  no  outbreak  having  thus  far  been  recorded,. 
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although  it  is  scarcely  possible  that  no  animals  affected  with 
glanders  have  been  imported  to  that  cotintr>'. 

In  British  India.(l)  the  disease  has  at  times  been  exten- 
sively imported  bnt  was  readily  eradicated  and  native  ani- 
mals appear  immune. 

In  southern  Russia  and  in  Roumania  and  Italy,  glanders  is 
very  prevalent.  Prof.  V.  Babes  of  Bucharest,  Roumania, 
from  careful  investigation  estimates  that  30  per  cent  to  50 
per  cent  of  the  horses  in  that  and  other  Roumanian  cities  are 
affected  with  glanders,  but  in  a  very  mild  form,  generalh' 
showing  no  external  signs,  and  frequently  recovering  spon- 
taneousl3^  In  south  Russia  and  in  Italy  the  disease  appears 
little  less  common  than  in  Roumania  and  assumes  a  like  mild 
type  with  frequent  recovery  either  spontaneously  or  with 
treatment.    It  also  prevails  in  Africa  and  in  north  China. 

The  immunity  of  horses  against  glanders  in  Australia 
and  British  India  is,  so  far  as  can  be  seen,  referable  almost 
wholly  to  climatic  influences,  chiefly  to  the  light  rain  fall, 
regular  temperature,  and  dry  atmosphere,  and  similar 
conditions  serve  to  render  the  disease  unusually  mild,  per- 
mitting many  of  the  affected  animals  to  recover  in  southern 
Russia,  Roumania  and  Italv. 

These  influences  are  very  marked  also  in  America.  In 
Mexico,  glanders  occurs  rarely,  is  not  inclined  to  spread  and 
runs  a  very  mild  course. 

In  the  United  States  we  find  marked  variations  in  differ- 
ent localities. 

In  the  Atlantic,  Gulf  and  Mississippi  Valle}"  States  the 

disease  prevails  to  a  considerable  extent  and  in  rather  severe 

form.  • 

.  Even  in  those  states  however,  three  fourths  or  more  of 

the  horses  have  the  disease  in  the] mild  or  chronic  form,  so 

that  they  will  live  for  several  months  or  even  years,  while 

some  of  the  affected  horses  will  remain  fat  and  vigorous, 

and  perform  ordinary  work  without  difficulty  for  several 

years,  and  occasionally  they  apparentli-  recoverj',  although 

-as  a  rule    still  capable    of  transmitting  the    disease.      A 

(1)    Fleming's  Veterinary  Science  and  Police,  Vol.  I,  P.  179. 
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s'niaJlei^fiLflllWf^'BTfli^  diseased  animals  in  these  states  are 
aflfected  in  the  severe  form,  the  affection  running  a  rapid 
course,  ending  in  death  in  from  15  to  60  days. 

As  we  approach  the  high  plains  sloping  eastward  from 
the  Rocky  Mountains  the  disease,  although  quite  common, 
is  very  mild  and  the  acute  or  severe  type  is  seldom  witness- 
ed, most  affected  animals  living  for  months  and  even  years 
in  good  condition. 

In  the  higher  altitudes  of  the  Rocky  mountains  and 
along  their  western  slope  the  disease  assumes  a  still  more 
mild  type,  being  very  rarely  seen  in  the  severe  form,  but 
usually  of  a  very  mild  character  which  under  favorable  sur- 
roundings does  not  materially  affect  the  vigor  of  the  animal 
even  though  at  reasonable  labor,  so  that  the  lives  of  most 
affected  horses  are  not  shortened  greatly  if  at  all  by  the 
disease  but  generally  live  for  an  indefinite  number  of  years, 
while  many  diseased  animals  show  no  external  symptoms 
whatever,  and  many  horses  at  one  time  plainly  affected  with 
glanders  make  apparent  recoveries  and  remain  to  allappear-^ 
ances  sound  for  years. 

When  however^  the  weather  is  inclement,  stormy  and 
wet  the  disease  tends  to  develop  in  the  severe  form  as  was 
seen  in  Montana  during  the  fall,  winter  and  spring  of  1893- 
94,  but  upon  the  advent  of  summer  with  the  usual  dry 
weather  the  acute  form  disappeared  and  the  disease  is  rarely 
reported,  not  because  it  is  less  rare  but  because  it  assumes 
largely  a  type  which  is  unrecognizable. 

When  the  Pacific  coast  is  reached  glanders  re-appears  in 
the  humid  localities  near  the  sea  level  in  its  severe  form, 
and  runs  the  same  course,  with  like  symptoms  as  seen  in 
the  Atlantic  states. 

Since  the  disease  is  due  to  the  transmission  of  glanders 
germs  usually  contriiied  in  the  discharge  from  the  nostrils  or 
from  farcv  buds  ci  affected  animals  to  those  which  are 
health\%  and  since  as  a  rule  the  glanders  germs  are  most 
abundant  and  active  in  severe  cases,  it  naturally  follows 
that  the  contagiousness  of  the  disease  is  in  proportion  to 
the  severity  it  assumes  in  the  animal  to  which  the  health^' 
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one  is  exposed,  hence  the  disease  is  most  contagious  under 
those  conditions  which  make  it  most  severe  in  the  affected 
animals  and  least  contagious  where  it  assumes  a  very  mild 
type. 

Thus  we  find  the  disease  highlj^  contagious  under  one  sfet 
of  conditions,  and  very  feebly  contagious  under  others. 

STABLING. 

The  housing  of  animals  was  primarily  intended  to 
counteract  injurious  effects  of  climate  but  in  many  cases  has 
become  a  matter  of  convenience,  permitting  the  concentration 
of  animals  within  a  limited  area. 

So  long  as  stables  are  designed  properly  and  solely  for 
the  protection  of  horses  against  inclement  weather,  they 
exert  no  untoward  influence  upon  glanders,  but  may  on  the 
other  hand,  tend  to  lessen  the  severity  of  the  disease  in 
inclement  seasons. 

Almost  always,  however,  this  highest  aim  of  stabling  is 
not  attained  nor  even  approached,  and  as  a  result,  it  is 
almost  always  found  that  horses  which  are  closely  stabled 
suffer  often  and  severely  from  glanders. 

The  close  confinement  of  a  large  number  of  horses  in  a 
badly  ventilated  stable  acts  injuriously  in  several  ways 
when  glanders  (or  other  contagious  diseases)  exist  in  it. 

In  the  first  place,  infection  of  healthy  horses  is  more 
likely  to  occur  when  thus  crowded  together  through  close 
contact  of  healthy  with  diseased  animals  as  well  as  indirectly 
through  contaminated  food,  water,  stable  utensils,  clothing 
of  attendants,  and  other  similar  methods. 

Another  active  factor  is  the  deprcsj^ing  and  injurious 
effect  close  housing  has  upon  the  general  health  of  horses. 

The  close  air  of  crowded,  ill-ventilated  stables,  while 
destroying  the  general  vigor  of  the  animal,  directly  favors 
the  growth  and  vitality  of  the  glanders  germs,  and  they 
probably  live  and  retain  their  vigor  much  longer  in  an 
atmosphere  impure  from  close  crowding  of  animals. 

It  has  been  shown  experimentally  that  in  tuberculosis 
(consumption)  the  disease  is  not  readily  carried  from  affected 
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to  healthy  animals  by  means  of  ordinary  dry  air,  while 
when  they  are  closely  confined  in  an  atmosphere  saturated 
with  moisture  the  disease  is  readily  communicated  and 
bearing  in  mind  the  close  relationship  of- glanders  and 
tuberculosis,  it  would  be  expected  that  the  former  would 
spread  readily  from  horse  to  horse,  in  a  close  stable,  rendered 
damp  either  by  location  or  through  want  of  ventilation,  a 
suggestion  fully  borne  out  bj-  observation. 

It  must  be  remembered,  too,  that  stabled  horses  are 
more  subject  to  colds,  and  these  render  infection  by  glanders 
more  probable. 

This  largely  accounts  for  the  increased  prevalence  of 
glanders  and  in  a  severe  form,  in  large  cities  where  horses  are 
closely  crowded  in  hot,  damp,  ill-ventilated  basement  stables. 

Even  in  country  districts,  horses  kept  stabled  are  more 
subject  to  glanders  aud  usually  suffer  in  a  more  severe  form 
than  those  not  confined. 

Glanders  of  the  most  severe  type  possible  develops  at 
times  on  ship  board,  where  a  large  number  of  horses,  among 
which  one  or  more  animals  are  glandered,  are  crowded  into 
the  hold,  especially  when,  upon  the  occurrence  of  rough 
weather,  it  becomes  necessary  to  close,  w^ater  tight,  all 
openings  serving  for  ventilation. 

On  the  other  hand,  animals  running  at  large,  except  the 
weather  be  very  inclement,  generally  show  the  disease  in  a 
mild  form,  and  but  feebly  contagious. 

LABOR. 

The  character  of  work  required  exerts  a  very  marked 
influence  upon  the  disease,  severe  labor  almost  always 
increasing  the  severity  of  the  affection,  while  moderate  labor 
is  frequently  borne  for  months  and  even  for  a  series  of  years 
without  ill  effect. 

In  the  more  severe  cases  of  glanders,  labor  greatly 
hastens  death  in  proportion  to  the  severity  of  the  work 
required.  In  the  more  acute  type  of  the  disease,  with 
excessive  nasal  discharge,  high  fever  and  the  resulting 
extreme  weakness,  the  affected  animal  is  totallv  unable  to 
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perform  labor,  and  in  all  cases,  overwork  constantly  tends 
to  aggravate  the  disease. 

Even  in  mild  cases  a  hard  daj^^s  work,  especially  at  a 
rapid  pace,  very  frequently  causes  a  renewal  of  the  nasal 
discharge,  which  has  been  absent  for  weeks  or  months,  or 
being  present  to  a  limited  extent,  is  very  greatly 
increased.  Under  very  severe  labor,  too,  cases  of  longstanding 
which  have  not  shown  visible  signs  of  disease,  may  suddenly 
develop  well  marked  symptoms. 

FOOD. 

Food  exerts  essentially  the  same  general  influence  in  the 
•course  and  character  of  glanders  as  it  does  in  other  diseases, 
through  its  good  or  evil  effects  upon  the  general  system, 
except  perhaps  that  overfeeding  produces  less  evident  harm 
in  animals  affected  with  glanders  than  among  those  suffering 
from  most  other  diseases.  A  want  of  suitable  amount  or 
quality  of  food  quickly  increases  the  severity  of  this  affection. 

BREED. 

It  has  been  stated  that  in  some  countries  certain  breeds 
of  horses  suffered  more  severely  as  well  as  more  frequently 
from  glanders  than  did  others,  especially  it  has  been  charged 
that  the  coarse  draft  breeds  suffered  more  severelv  th^n  the 
lighter  types. 

In  this  country,  however,  such  can  not  be  said  to  be  the 
case,  but  so  far  as  can  be  seen  all  breeds  suffer  alike  and  the 
difference  in  prevalence  in  different  types  of  horses  in  a  com- 
munity can  be  readily  referred  to  other  influences  than  that 
of  breeding. 

AQE. 

The  age  of  an  animal  affected  with  glanders  modifies  the 
symptoms  and  course  of  the  disease  very  much,  especially  at 
its  beginning. 

The  older  the  horse  is  when  attacked  the  more  \Tirulpnt 
the  disease,  and  in  horses  beginning  to  show  infirmity  from 
age,  glanders  usually  assumes  a  verj-  severe  type  ending  in  a 
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short  time  in  death,  but  in  those  animals  which  have  be- 
come affected  while  young,  and  the  disease  has  assumed  a 
mild  chronic  form,  this  type  persists  even  through  a  number 
of  years,  the  constant  increase  in  age  of  the  animal  appar- 
ently having  no  evil  effect  on  the  course  of  the  disease. 

Colts  are  rather  seldom  attacked  and  usually  in  a  deci- 
dedly milder  form  than  in  mature  horses. 

The  symptoms  and  character  of  the  disease  are  conse- 
quently subject  to  a  long  list  of  influences,  several  or  many 
of  them  possibly  working  at  one  and  the  same  time,  some 
combining  to  render  the  disease  severe,  others  tending  in  pre- 
cisely the  opposite  direction. 

Thus,  in  Montana,  especially  in  certain  valleys  during 
the  past  year  there  has  been  an  unusually  great  rainfall, 
with  inclement  storms,  and  much  cloudy  weather.  This  wet 
weather  succeeded  a  severe  drouth  with  consequent  short 
pasturage,  and  coming  at  a  time  when  grain  was  yet  in  the 
field  it  was  greatly  damaged  so  that  neither  the  grain, 
straw,  nor  grass  were  of  as  good  quality  as  usual,  these  all 
combining  caused  the  disease  to  show  itself  in  a  decidedly 
more  severe  form  than  it  usually  assumes  in  this  state. 

In  army  horses  the  disease  generally  assumes  a  severe  form, 
especiall3'^  when  engaged  in  an  active  campaign,  in  w^hich 
case  along  with  hard  work  the  animal  suffers  from  lack  of 
proper  food,  irregularity,  exposure  to  inclement  weather 
perhaps  in  a  country  to  which  the  animals  are  not  acclimated 
and  in  everyway  all  causes  which  usually  tend  to  increase  the 
severity  of  the  disease  seem  combined  to  make  a  virulent  type 
certain,  so  that  a  comparatively  large  portion  of  glandered 
aiTTiy  horses  show  the  disease  in  a  rapidly  fatal  form. 

So  it  is  in  a  lesser  degree  with  many  freighting,  stage  and 
street  car  horses  where  we  find  overwork,  great  exposure, 
careless  feeding  and  a  general  want  of  such  attention  as 
would  insure  vigorous  health,  all  combining  to  render  the 
disease  more  deadlv. 

We  consequenth^  find  the  disease  more  severe  usually 
among  government  troop  horses,  and  in  the  extensive  stables 
of  large  corporations,  than  we  do  among  private  animals,. 
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except  in  those  cases,  unfortunately  too  common,  where 
through  poverty  or  carelessness  of  the  owner,  horses  are 
harshly  treated  and  badly  neglected. 

DIAGNOSIS. 

Under  all  the  varying  conditions  which  serve  to  modify 
the  character  of  the  disease  so  profoundly,  the  diagnosis  of 
glanders  is  frequently  very  difficult  and  not  rarely  impossible 
by  physical  signs.  In  Montana  there  are  probably  five 
glandered  horses  showing  no  external  signs  of  glanders 
whatever,  to  one  showing  external  signs  even  though  of  a 
mild  character. 

In  many  cases  the  symptoms  are  so  typical  that  the 
disease  is  readily  recognizable.  The  farcy  buds  when  occur- 
ing  in  any  great  number  are  usually  so  typical  in  character 
as  to  leave  no  doubt  as  to  their  precise  nature,  no  difference 
uxK>n  what  part  of  the  body  surface  they  may  develop. 

In  nasal  glanders,  the  most  characteristic  and  decisive 
symptom  is  the  presence  in  sight  of  the  typical  glanders 
ulcers  as  seen  in  Fig.  I  or  at  A  Fig.  II  2,  or  the  large  ulcer- 
ated patches  of  Fig.  VI,  or  the  peculiar  scars  left  behind, 
when  the  ulcers  have  healed,  as  in  Fig.  VII. 

These  ulcers  are  not  always  plainly  in  sight,  but  may  be 
brought  into  view  by  holding  the  nostrils  well  open  and 
inclining  the  nose  toward  the  sun  in  such  a  manner  as  to  throw 
the  sun's  rays  up  the  nostril,  or  at  or  near  middaj*^  the  light 
can  be  thrown  into  the  nostril  by  means  of  a  small  mirror. 

A  very  satisfactory  means-  of  illuminating  the  nostril  is 
to  examine  the  animal  by  night,  in  a  dark  stable,  throwing 
the  light  from  a  reflecting  lamp  up  into  the  nostrils.  If  these 
characteristic  ulcers  or  their  scars  can  be  thus  seen,  the 
character  of  the  disease  is  evident,  but  in  some  cases  even 
though  ulcers  be  present  thej^  cannot  be  seen,  being  too  high 
up  for  examination.  If  however  the  discharge  from  the 
nostril  be  great,  if  glanders  be  present  there  will  almost 
surely  be  abundant  ulcerations  within  plain  sight. 

The  discharge  from  the  nostril  is  usually,  though  not 
always,  quite  characteristic  of  the  disease. 
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It  is  usualh^  thick,  quite  viscid  and  stick^^  of  a  trans- 
parent, whitish  color,  discharging  regularly,  not  usually  in 
large  quantities  at  one  time  and  none  at  another,  varying  in 
amount  in  proportion  to  the  amount  of  ulceration  present  at 
a  given  time,  increasing  with  increased  ulceration,  and 
decreasing  with  improvement. 

Sharp  exercise  usually  causes  an  increased  discharge.  The 
great  viscidity  of  the  discharge  adhering  closely  to  the 
margins  of  the  nostrils,  turning  to  hard,  tough,  dirty- 
broA\Tiish  scales  is  rarely  seen  to  the  same  degree  in  other 
diseases  than  glandersv  There  is  rarely  any  smell  to  the 
nasal  discharge  except  in  cases  where  there  are  extensive  and 
deep  ulcerative  patches,  in  which  the  cartilage  becomes 
affected  as  seen  in  Figs.  II  2,  B  V.  A  and  VI. 

The  swelling  of  the  submaxillary  glands  (the  small 
glands  or  kernels  beneath  the  jaws)  are  usually  quite  char- 
acteristic in  cases  of  glanders  with  ulcerations  in  the  nostrils 
and  the  consequent  discharge. 

The  enlargement  of  these  glands  in  glanders,  generally 
differs  from  their  enlargement  in  other  diseases  by  their 
comparatively  small  size,  ranging  from  that  of  a  peanut  to 
a  hen's  egg,  quite  lumpy  to  the  touch  and  very  tender,  the 
animal  showing  signs  of  pain  when  they  are  pressed  upon. 
T'hey  also  seem  firmly  attached  to  the  lower  jaw  and  other 
surrounding  parts.  In  rare  cases,  the  enlarged  glands  have  a 
dropsical,  puffy  appearance. 

Other  symptoms,  occurring  with  one  or  more  of  the 
foregoing,  aid  materially  in  arriving  at  a  safe  conclusion, 
such  as  bleeding  from  the  nostrils,  the  peculiar  hacking 
cough,  sudden,  severe  and  unaccountable  lameness.  A  historj- 
of  exposure  to  glanders  is  always  of  importance  in  suspected 
cases. 

It  is  popularly  supposed  that  the  discharge  from  the 
nostrils  of  glandered  horses  will  in  all  cases  sink  when 
dropped  in  water,  and  constitutes  a  certain  diagnostic  sign, 
but  these  discharges  can  only  sink  in  water  w^hen  the\^  are 
the  heavier,  and  the  parts  which  are  affected  and  the  severity" 
of  the  attack  will  cause  variations  in  the  specific  weight  of 
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the  discharge  so  that  it  may  either  sink  or  swim,  a  fact 
which  generally  is  true  of  other  affections  accompanied  by  a 
discharge  from  the  nostrils. 

As  already  stated,  in  many  cases  the  nasal  discharge  is 
very  scanty  and  not  infrequently  wholly  absent,  so  that 
while  its  character,  when  present,  may  be  a  possible  aid  in 
diagnosis  it  is  not  sufficient  in  itself. 

The  popular  belief  that  glanders  is,  under  all  conditions, 
highly  contagious,  frequently  leads  owners  of  glandered' 
horses  to  believe  the  disease  to  be  some  other  affection  of  a 
non-contagious  character,  because  other  horses  associating 
with  the  affected  animal  remain  for  a  long  time  apparently 
well,  but  to  one  who  understands  how  feebly  contagious 
glanders  may  be  under  certain  conditions  will  readily  see  that 
the  disease  may  exist  in  a  baiid  for  a  considerable  length  of 
time  without  the  appearance  of  new  cases,  and  the  inability 
of  the  owner  to  see  new  cases  does  not  signify  their  absence, 
as  it  so  frequently  assumes  a  wholly  unrecognizable  form, 

DIFFERENTIAL  D1AQN05I5. 

Glanders  may  be,  and  not  infrequently  is,  confounded 
with  other  affections  somewhat  resembling  it  in  some  of  its 
symptoms,  especially  those  diseases  in  which  nasal  discharges 
constitute  a  prominent  feature. 

NASAL   QLEET. 

Before  dealing  separately  with  those  affections  which 
may  be  mistaken  for  glanders,  or  vice  versa,  it  will  be  well  to 
consider  briefly  the  term  **nasal  gleet"  now  obsolete  in  vet- 
erinav  science  but  still  used  to  some  extent  bv  horse  owners 
and  generally  remains  in  the  pages  of  inferior  popular  writ- 
ings on  the  diseases  of  animals. 

Nasal  gleet  means  literally  and  simply  **nostril  dis- 
charge," and  so  can  be  applied  with  equal  correctness  to  all 
diseases  in  which  ibl  discharge  from  the  nostrils  constitutes  a 
symptom,  and  is  therefore  as  appropriate  a  name  for  glan- 
ders as  lor  any  other  affection. 

The  history  of  the  term    is  that  of  a  cloak  for  ignor- 
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ance,  and  has  been  applied  indiscriminately  to  any  and  all 
diseases  exhibiting  a  nasal  discharge  whose  nature  was  not 
understood.  With  the  advance  of  our  knowledge  of  disease, 
one  after  another  of  these .  affections  were  taken  from  the 
**  nasal  gleet ''  category  and  placed  by  themselves  as  separate 
and  distinct  disorders  until  the  term  has  been  whoUv  robbed 
of  its  significance  to  the  scientific  veterinarian,  and  is  now 
only  used  as  it  was  originally,  to  signify  a  discharge  from 
the  nostrils,  the  cause  or  nature  of  which  is  unknown  to  the 
party  using  the  term.  It  is  still  popularly  applied  to  glan- 
ders, especially  in  its  mild  or  chronic  form,  while  should  this 
mild  form  become  severe  as  it  is  likely  at  any  time  to  do, 
they  then  quite  commonly  apply  its  proper  name  of  glan- 
ders, and  claim  that  the  ''nasal  gleet"  has  developed  into 
glanders,  whereas  in  fact,  mild  glanders  has  become  acute 
through  some  cause  affecting  the  general  vigor  of  the  ani- 
mal. The  term  is  consequently  a  misleading  and  frequently 
unfortunate  one,  especially'  when  applied  to  glanders,  as  it 
carries  with  it  no  suggestion  of  contagiousness,  thus  leading 
to  the  unlimited  exposure  of  healthy  animals  to  the  disease. 

STRANGLES. 

Among  the  diseases  at  times  closely  simulating  glanders 
one  of  the  most  common  is  strangles  or  distemper,  an  affec- 
tion which,  although  in  some  respects  closeh'  resembling 
glanders,  3'et  taken  as  a  whole  thej^  present  widely  different 
symptoms. 

The  incubative  period  or  time  between  exposure  to  the 
disease  and  its  appearance,  is  ver\'  brief,  ten  to  twelve  days 
in  strangles,  while  in  glanders  the  disease  rarely  develops 
so  promptly.  Distemper  is  highh^  contagious  and  transmis- 
sible for  some  distance  through  the  atmosphere,  while  in 
glanders  close  contact  is  necessary. 

Usually  when  distemper  breaks  out  in  a  band  of  horses 
it  is  but  a  very  short  time  until  nearly  all  animals  which 
have  not  been  rendered  immune  or  proof  against  the  disease 
by  previous  attack  are  affected  with  it,  while  in  glanders 
the  disease  is  much  less  contagious  and  spreads  slowW. 
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The  swellings  of  the  glands  beneath  the  jaws  usualh'  dif- 
fer wideh'  in  glanders  and  strangles.  In  the  former  the  dis- 
charge from  the  nostrils  usually  preceeds  the  swelling  of  the 
glands,  w^hile  in  the  latter,  the  glands  usually  swell  before 
an3r  discharge  from  the  nostrils  occurs. 

In  glanders  the  enlargement  of  the  glands  is  usualh^  in 
proportion  to  the  discharge  from  the  nostrils  and  on  the 
-same  side,  so  that  if  there  is  discharge  from  one  nostril  only, 
^nly  the  one  gland  on  the  corresponding  side  is  swollen. 

The  enlarged  glands  are  in  both  cases  painful,  but  that  " 
of  glanders  is  small  in  size,  varying  from  that  of  a  peanut 
or  smaller  to  a  large  hen's  egg,  and  is  uneven  and  knotty 
while  the  gland  enlarged  from  strangles  is  generally  much 
larger  than  in  glanders  and  is  round  and  smooth  in  outline 
and  bears  no  intimate  relation  to  any  discharge  from  the 
nostril  although  frequently  seen  at  the  same  time. 

The  enlarged  glands  rarely  suppurate  or  form  matter  in 
glanders  while  they  nearly  always  do  so  in  distemper,  form- 
ing large  abscesses  w^hich  break  generally  at  the  crisis  or 
turning  point  of 'the  disease  and  discharge  a  large  amount 
of  pus,  the  abscess  usually  healing  promptly. 

In  sharp  contrast  with  glanders  the  course  of  strangles 
is  usually  quite  rapid,  ending  generally  in  recovery  or  death 
in  ten  to  twenty  days,  rareh'  continuing  for  a  longer  period 
than  thirty  days. 

The  discharge  from  the  nostrils  is  usually  less  sticky 
than  in  glanders  and  is  more  opaque  and  white  in  color,  and 
as  a  general  rule  far  more  abundant  in  quantit^^  being 
equaled  in  amount  only  in  very  severe  cases  of  glanders. 

PINK  EYE. 

Pink  Eye  or  contagious  Cellulitis  of  horses  ina^'  at  times 
be  mistaken  for  glanders,  but  can  almost  alwa^-s  be  readily 
distinguished  from  it  by  the  rapid  onset  and  course  of  the 
disease,  the  discbarge  from  the  nostrils  being  from  both 
alike,  not  so  clear  and  stick\^  as  in  glanders,  and  the  glands 
beneath  the  jaws  but  slighth^  swollen,  the  mucous  membrane 
lining  the  eyelids  bright  red  and  tears  sometimes  mixed  with 


94        THE  MONTANA  EXPERIMENT  STATION. 


pus  flow  down  over  the  cheek  while  in  glanders,  the  eyes  are 
usually  very  slightly  afiected,  small  quantities  of  pus  collect- 
ing at  the  inner  corner  of  the  eye.  The  swollen  limbs  of 
**pink  eye'*  differ  from  the  swellings  of  farcy  in  generally 
attacking  all  four  limbs  at  once  very  suddenly,  and  present- 
ing no  farcy  buds  or  boils. 

Pink  tye  is  very  rapid  in  its  course  ending  in  death  or 
recovery  as  a  rule  in  five  to  ten  days.  It  is  very  highly 
contagious  and  spreads  rapidly  when  once  introduced, 
disappearing  with  almost  equal  promptness. 

ACUTE  NASAL   CATARRH. 

Acute  nasal  catarrh,  due  to  exposure  or  "taking  cold''  is 
usually  traceable  to  its  proper  cause  and  the  discharge  differs 
from  that  of  glanders  in  being  quite  uniformly  from  both 
nostrils  alike,  the  discharge  less  glairy  and  sticky  than  in 
glanders,  and  is  usually  accompanied  b\'  a  very  frequent 
cough  differing  from  that  of  glanders  in  being  louder  and  not 
of  a  short  hacking  nature. 

In  acute  catarrh  there  is  usually  severe  sore  throat 
(pharyngitis)  causing  the  animal  to  allow  w^ater  to  return 
through  the  nostrils  when  attempting  to  drink,  and  difli- 
culty  in  swallowing  food  causing  much  of  it  also,  to  be  at 
times  returned  through  the  nostrils  giving  the  nasal  dis- 
charge the  color  of  the  food,  and  showing  particles  of  food 
mixed  with  it.  If  green  grass  is  offered  as  food  the  nasal 
discharge  assumes  a  dirt3r  green  color  due  to  admixture  of 
the  juices  of  the  grass  with  the  nasal  discharge. 

INFECTIOUS    OR    EPIZOOTIC    CATARRHAL  FEVER. 

Infectious  or  Epizootic  catarrhal  fever  (epizootic)  offers 
essentially  the  same  symptoms  as  acute  nasal  catarrh,  only 
that  it  becomes  general,  affecting  a  large  portion  or  all  the 
animals  over  a  large  area. 

It  spreads  very  rapidly  and  runs  a  rapid  course,  termina- 
ting usualh^  in  recover}^  rarely,  in  death,  in  five  to  fifteen 
davs. 
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CHf^OMC  NASAL  CATARRH. 

Chronic  nasal  catarrh  due  to  a  chronic  inflammation  of 
the  lining  membrane  of  the  nostrils  may  generally  be  distin- 
guished from  glanders  by  an  inconstant  discharge  from  one 
or  both  nostrils  of  a  w^hite  or  yellowish  white  matter  in 
lumps,  which  do  not  adhere  much  to  the  nostrils.  This  dis- 
charge is  in  many  cases  seen  only  \vhen  the  animal's  head  is 
lowered  to  eat  or  drink. 

The  swelling  of  the  glands  between  the  jaws  and  the 
ulcers  in  the  nostrils  are  not  present. 

DI5EA5E    OF   THE    FACIAL    5INUSE5. 

In  the  face,  situated  below  the  eye,  toward  the  nose  are 
several  large  sinuses  or  cavities  opening  by  a  vSmall  orifice 
into  the  nostrils,  which  at  times  become  diseased  and  being 
designed  only  to  contain  air,  pus  forming  within  them  does 
not  escape  but  remains  in  the  cup-like  cavities  until  they  are 
well  filled,  when  they  overflow  into  the  nostrils,  yielding  a 
clotty,  various-colored  and  frequenth'-  stinking  matter. 

The  presence  of  this  putrid  matter  in  the  sinuses  pro- 
duces in  the  course  of  a  few  weeks,  generally,  a  bulging  out- 
ward of  the  bones  of  the  face  over  the  affected  part  which 
can  be  plainly  seen  upon  careful  examination. 

DISEASED    TEETH. 

Ulceration  of  the  fangs  of  molar  (jaw)  teeth,  and  more 
fi'equently  tooth  tumors  leading  to  excessively  large  growths 
upon  the  tooth  fangs,  which  finally  push  their  waj-  into  the 
sinuses  of  the  face  or  into  the  nostrils,  frequently  lead  to  an 
abundant  nasal  discharge  almost  alwa^'s  extremely  fetid 
(stinking)  which  usually  lasts  for  several  years  unless  pro- 
perly treated. 

In  these  cases  the  glands  beneath  the  jaws  may  become 
swollen  on  the  affected  side,  but  the  stinking  character  of 
the  discharge,  the  absence  of  ulcerations  in  the  nostrils  and 
usually  a  bulging  of  the  bones  of  the  face  over  the  fang  of 
the  diseased  tooth,  in  manv  cases  much  difficultv  in  breath- 
ing,  due  to  excessive  collections  of  matter  or  tooth  substance 
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closing  up  the  nostril  cavity,  frequently  coupled  with  a 
difficulty  in  chewing  food,  serves  generalh'  to  distinguish  it 
readily  from  glanders.  Still  the  exceedingh'^  abundant  dis- 
charge of  a  very  repulsive  smell  corresponds  so  well  with  the 
popular  but  erroneous  idea  of  glanders  that  many  good 
horses  are  destroyed  summarilj^  when  affected  with  diseased 
teeth  onl3%  and  readily  curable. 

TUMORS,    ETC.,    IN    NOSTRILS. 

Tumors  of  various  kinds,  nasal  polypi  and  other  diseased 
growths  in  the  nostrils,  most  of  which  produce  some  dis- 
charge are  at  times  mistaken  for  glanders,  but  may  be  gen- 
erally distinguished  from  that  malady  by  the  great  difficulty 
in  breathing  produced  by  the  tumors,  without  any  great 
nasal  discharge,  and  in  a  large  proportion  of  cases  the  tumor 
or  other  obstructing  disease  can  be  seen  upon  examination. 

In  all  these  diseases  accompanied  by  nasal  discharge  the 
characteristic  glanders  ulcerations  are  absent. 

Pieces  of  tooth  tumors  become  detached  rarelv  and  in 
passing  slowlv  down  the  nostrils  abrade  and  tear  the  mu- 
cous membrane,  which  upon  healing  leaves  corresponding, 
rough,  irregular  scars. 

Suspicious  scars  are  at  times  produced  also  by  rough 
usage  in  handling,  the  mucous  membrane  on  the  partition  be- 
tween the  nostrils  being  torn,  by  a  man  catching  the  horse  in 
the  nose  with  the  thumb  and  fingers  lacerating  the  mucous 
membrane  with  the  finger  nails. 

In  such  cases  the  scars  resulting  occupy  only  the  lowest 
part  of  the  nostril  where,  as  a  rule,  glanders  ulcers  are  not 
common,  and  both  sides  of  nasal  partition  are  usually  affec- 
ted alike,  while  other  portions  of  nasal  septum  are  free  from 
ulcers  or  scars. 

Scars  caused  bv  mechanical  abrasions  are  usuallv  level 
with  the  surrounding  surface  and  not  depressed  as  in  glan- 
ders. 

DIAGNOSIS    BY    OTHER    THAN    PHYSICAL    SIGNS. 

It  being  so  often  utterh'  impossible  to  detect  the    exis- 
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tence  of  glanders  in  an  animal  by  any  of  the  signs  hereto- 
fore described  many  other  means  have  been  devised  and  tried 
in  order  to  determine  if  suspected  animals  be  affected  with 
glanders  or  not. 

Finding  early  that  the  disease  was  transmissible  to 
other  animals  by  means  of  inoculation  with  the  discharges 
from  suspected  animals,  this  means  of  arriving  at  a  safe 
diagnosis  suggested  itself  and  considerable  study  was  spent 
upon  this  subject  in  an  effort  to  render  this  process  reliable 
and  convenient.  Horses  were  tried  as  test  animals  but  in 
these  it  was  found  unreliable,  many  of  them  being  quite  re- 
fractory to  the  disease,  and  in  addition  to  the  want  of  relia- 
bility the  experiment  animals  proved  too  expensive. 

Asses  and  mules  were  also  tried,  they  being  more  suscep- 
tible to  the  glanders  poison  than  horses,  but  these  animals 
although  somewhat  more  reliable  w^ere  more  difficult  to  ob- 
tain in  many  places  and  their  value  tended  to  prohibit  their 
use.  Then  followed  a  long  series  of  experiments  with  smaller 
animals  including  guinea  pigs,  rabbits,  rats,  mice  and 
others,  some  of  which  responded  promptly  to  the  inocula- 
tion and  appear  to  have  jnelded  some  practical  results. 

But  in  general  the  process  proved  unsatisfactory'  and 
troublesome  delaying  action  in  regard  to  suspected  cases 
until  the  experimental  inoculation  had  been  tried,  and  be- 
sides, the  inoculation  was  not  practicable  or  convenient  in 
most  hands. 

Even  had  inoculation  in  itself  proven  reliable,  there  are 
many  cases  of  glanders  in  which  there  is  no  nasal  or  other 
discharge  from  which  material  can  be  obtained  from  the  liv- 
ing animal  for  inoculation  while  it  was  found  that  in  very 
mild  cases  of  glanders  the  nasal  discharges  were  very  unre- 
liable and  produced  the  disease  in  comparatively  few  experi- 
ment animals. 

The  study  of  the  pathological  anatomy  or  structure  of 
the  diseased  parts  by  Virchow,  in  1855,  gave  new  hopes  of 
a  basis  for  the  safe  diagnosis  of  suspected  cases  and  it  was 
attempted  to  practicalh"  diagnose  the  disease  in  the  living 
animal  by  a  microscopical  examination  of  the  enlarged  lym- 
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phatic  glands  from  between  the  jaws.  Such  means,  however^ 
were  not  available  to  most  veterinarians  and  being  rather 
impracticable  generally,  never  came  into  common  use. 

The  observations  of  Turn,  Hallier  and  others  in  1868 
and  the  following  j'-ears,  in  which  they  found  in  the  blood  and 
other  parts  of  the  body,  a  living  bacillus,  which  was  finally 
fully  identified  and  proven  as  the  sole  cause  of  glanders  by 
Loefler  and  Schutz,  in  1886,  gave  the  hope  that  microscopical 
examination  of  discharges  or  diseased  tissues  for  the  glanders 
bacilli,  would  prove  a  very  valuable  means  for  diagnosing 
obscure  cases,  but  the  mild  ones,  those  for  which  some  reli- 
able test  was  desired,  furnished  comparatively  few  of  the 
bacilli,  rendering  their  detection  very  difficult  and,  besides, 
only  a  very  few  persons  were  capable  of  making  a  reliable 
microscopical  diagnosis.  The  next  and  crowning  discovery 
in  relation  to  the  diagnosis  of  glanders,  based  upon  the  dis- 
covery of  the  glanders  bacillus  of  Loefiler  and  Schutz  and  sug- 
gested by  the  discovery  of  tuberculin  by  Dr.  Koch  was  the 
discovery  and  preparation  byKalningand  Helman  of  Russia, 
in  1891,of  the  product  of  the  glanders  bacillus  known  asmal- 
lein.  This  substance  represents  the  poisonous  products  given 
off  or  formed  during  the  growth  of  the  glanders  bacilli  and  is 
prepared  by  growing  the  germs  artificially  on  potatoes,  beef 
bouillon  or  other  culture  material  and  when  the  bacilli  are 
well  developed  they  are  separated  from  the  fluid  by  filtering 
and  the  fluid  containing  the  poisons  generated  by  the  germs 
is  then  heated  repeatedly  to  a  temperature  of  about  120°  C 
(248°  F)  and  is  either  retained  securely  sealed  in  liquid  form 
or  is  precipitated  by  means  of  alcohol  and  dried  (dry  mallein). 

This    substance     when    injected     in    proper     amount" 
into     the    system    of    a     horse     affected     with     glanders 
causes  in  a  few  hours   (5  to  16   )   a  marked  rise  in  tem- 
perature,   or   fever,    amounting  usually  to  2°C   (4°F)   or 
more,  above  the  normal  body  temperature. 

In  acute  or  severe  glanders  w^e  already  have  an  elevation 
of  temperature  and  in  these  we  in  some  cases  find  no  marked 
reaction  but  they  are  easily  diagnosed  without  the  aid  of 
mallein,  in  the  mild  chronic  cases  we  usually  find  no  fever 
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whatever,  and  it  is  in  these  we  need  the  aid  of  mallein  in 
arriving  at  a  safe  conclusion. 

Our  present  knowledge  of  disease  indicates  that  in 
glanders  the  bacilli  themselves  are  not  the  cause  of  the  chief 
symptoms  in  the  acute  or  severe  cases,  but  that  they 
multiply  in  the  blood  and  tissues  to  such  a  degree  that  the 
poisonous  waste  products  given  off  by  them,  unless  promptly 
thrown  out  of  the  system  or  destroyed,  produce  fever  and 
other  general  symptoms  of  disease. 

In  the  mild  or  chronic  form  of  glanders  these  germ  poisons 
are  not  formed  so  rapidly  and  the  system  soon  becomes  so 
accustomed  to  their  presence  and  the  means  necessary  for 
their  removal,  that  they  are  carried  from  the  body  before  they 
produce  any  change  in  the  body  temperature. 

If  then  we  add  to  the  amount  of  this  poison  which  the 
animal  body  is  accustomed  to  handle  and  throw  out  without 
difficulty  a  small  amount  of  artificially  prepared  mallein  we 
create  such  a  disturbance  in  the  system  of  the  animal  as  to 
cause  the  temperature  to  increase  several  degrees  above  the 
natural  body  heat,  accompanied  by  usual  symptoms  of  fever 
and  aggravating  for  a  time  all  the  symptoms  of  glanders. 

During  the  short  time  since  the  discovery  of  mallein  it 
has  been  tested  bj^  leading  scientific  veterinarians  in  every 
part  of  the  world,  and,  so  far  as  I  have  been  able  to  find,  no 
investigator  has  condemned  it,  but  all  unite  in  asserting  that 
its  use  has  at  least  furnished  us  with  an  agent  by  which  we 
can  readily  and  safely  diagnosis  the  disease,  not  alone  in 
suspected  cases,  but  in  those  animals  where  the  most  careful 
physical  examination  can  detect  no  signs  of  disease. 

Mallein  has  proven  so  reliable  that  it  has  received  gov- 
ernmental recognition  in  many  European  countries  and  its 
use  officially  advised  or  commanded. 

In  cavalry  regiments  where  glanders  had  broken  out,  the 
use  of  mallein  on  all  exposed  horses  was  made  obligatory  in 
Germany  and  Belgium  in  1892  and  in  France  in  1893.  Dur- 
ing the  present  year  (1894)  the  use  of  mallein  has  been  made 
obligatory  in  Switzerland  in  all  horses,  mules  and  asses,  in 
stables  or  establishments  where  glanders  has  occurred,  and 
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in  all  cases  of  suspected  glanders;  and  in  all  cases  where  the 
use  of  mallein  is  followed  by  a  well  marked  fever  and  other 
characteristic  results  of  the  mallein  test,  the  animal  is  des- 
troyed after  having  been  appraised. 

The  reaction  or  symptoms  produced  by  mallein  in  glan- 
dered  animals  are  well  marked  and  highly  characteristic. 
Preparatory^  to  the  test  the  temperature  of  the  suspected  ani- 
mal is  taken  two  or  three  times  during  the  day  prior  to  the 
trial,  and  a  record  of  the  temperature  is  again  made  at  the 
time  of  injecting  the  mallein.  The  proper  dose  of  mallein  is 
then  injected  beneath  the  skin,  usually  along  the  neck,  by 
means  of  an  inoculating  or  hypodermic  syringe.  The  spot 
where  the  injection  is  made  is  first  cleansed  by  w^ashing  with 
a  solution  of  corrosive  sublimate  or  other  antiseptic  liquid 
and  the  needle  of  the  syringe  is  carefully  disinfected  by  im- 
mersing in  such  a  solution  or  holding  in  a  hot  flame  for  a 
moment,  until  any  forms  of  bacterial  life  which  may  exist  in 
the  needle  are  safely  destroyed.  These  precautions  are  taken 
to  render  it  certain  that  nothing  but  the  pure  mallein  is  in- 
troduced beneath  the  skin  thus  avoiding  the  danger  of  com- 
plicating or  rendering  valueless  the  trial.  Subsequent  to  the 
injection  the  temperature  of  the  animal  is  taken  every  two 
hours  for  24  hours,  and  a  careful  record  is  kept  of  each  meas- 
urement. 

In  animals  suffering  from  glanders  even  in  a  mild  degree,, 
showing  no  outward  signs,  the  temperature  usually  shows 
no  particular  change  after  the  injection  until  after  a  lapse  of 
five  to  eight  hours  and  sometimes  longer,  when  it  suddenly 
rises  as  much  as  two,  three  or  more  degrees  centigrade,  above 
the  normal  body  temperature,  the  highest  point  being  usual- 
ly reached  eight  to  sixteen  hours  and  sometimes  later  after 
the  injection,  after  which  the  temperature  slowly  falls,  reach- 
ing the  normal  again  in  twenty -four  to  thirty-six  hours,  or 
longer. 

At  the  point  where  the  mallein  is  injected  the  glandered 
animal  usually  shows  a  ver}-  considerable  painful  swelling, 
in  many  cases  the  animal  becomes  chilly  as  shown  by  shiver- 
ing, the  general  appearance  dull,  the  hair  rough,  appetite  is. 
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lost,  and  in  some  cases  any  existing  symptoms  of  glanders 
are  aggravated,  the  nasal  discharge  if  present  before,  may  be- 
come increased,  the  glands  more  swollen  and  the  ulcerations 
in  the  nostrils  may  increase  in  size  and  number.  In  other  in- 
stances as  will  be  seen  later,  especially  in  mild  cases,  no  such 
evidence  of  increased  disease  action  occurs.  On  the  other 
hand  animals  free  from  glanders  show  none  of  the  above 
symptoms  in  a  marked  degree  after  mallein  injection,  the 
temperature  rarely  increasing  one  degree  C.  if  at  all,  the 
swelling  at  point  of  injection  being  small,  soft,  and  not  very 
painful  to  the  touch,  while  the  appetite  and  general  appear- 
ance remains  unaffected. 

Other  diseases  than  glanders  do  not  affect  the  action  of 
mallein,  and  it  has  been  used  on  animals  affected  with  dis- 
temper  (or  strangles),  disease  of  the  cavities  of  the  face  with 
abundant  nasal  discharge,  botryomycosis  (a  disease  similar 
to  lumpy  jaw  of  cattle,  affecting  at  times  the  legs  of  horses 
like  farcy)  and  other  diseases  resembling  glanders,  but  in  all 
cases  the  injection  produced  none  of  the  results  found  in  that 
malady. 

Again  it  has  been  suggested  that  other  substances  of  a 
similar  character,  such  as  tuberculin  (the  product  of  the  ba- 
cillus tuberculosis  or  consumption  germ)  might  produce  the 
same  results  when  injected  into  the  system  of  a  glandered 
horse,  but  experiments  with  tuberculin  at  least,  contradict 
this  view. 

District  Veterinarian  Walther  ( ^ )  of  Saxony  injected  be- 
neath the  skin  of  each  pf  three  glandered  horses,  0.3  c.  c. 
each  of  tuberculin  without  producing  a  reaction  while  a  like 
amount  of  the  same  tuberculin  used  upon  a  tuberculous  cow 
produced  the  typical  fever. 

In  rare  cases  the  use  of  mallein  on  animals  free  from 
glanders  has  produced  a  decided  elevation  of  temperature 
but  not  in  the  typical  manner,  for  while  in  cases  of  glanders 
the  fever  usually  reaches  its  highest  point  in  from  eight  to 
twelve  or  rarely  sixteen  hours,  in  these  rare  cases  of  fever  in 
animals  free  from  glanders  the  high  temperature  is  not  gen- 
ii) Doutt»che  Zeit«chrift  far  Thiprmedicin.  Vol.  XIX,  p.  IT.i. 
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erally  reached  until  nearly  or  even  more  than  twenty-four 
hours  after  its  use.  In  cases  of  doubt  where  the  elevation  of 
temperature  is  clear,  yet  not  so  great  as  to  clearly  indicate 
glanders,  a  second  or  third  trial  may  be  necessary  to  deter- 
mine if  glanders  exists.  In  some  cases  repeated  injections  of 
mallein  increase,  in  other  cases  decrease  the  severity  of  glan- 
ders s\''mptoms.  Prof  A.  Johne  (^ )  of  the  Royal  Veterinary- 
school  at  Dresden  tabulates  the  results  of  mallein  tests  upon 
49  horses  which  had  either  been  exposed  to  glanders  or  had 
shown  symptoms  which  rendered  them  suspicious  but  not 
sufficient^  definite,  except  in  one  case,  to  warrant  a  diagno- 
sis of  glanders.  Of  these  25  showed  an  increase  of  tempera- 
ture of  1^  C.(  1.8°  P.)  or  more,  of  which  20  were  destroyed  and 
found  upon  post  mortem  examination,  glandered,  the  others 
upon  re-testing  were  pronounced  sound.  Five  animals  some- 
what suspicious  before  testing  but  showing  no  elevation  of 
temperature,  were  destroyed  and  found  free  from  glanders. 
The  other  animals  remained  apparenth^  sound.  Professors 
Hutrya and  Preisz  (^)  ofBudaPesth,Austria,  review 486 tests 
with  mallein  upon  horses  exposed  to  or  suspected  of  glan- 
ders, of  which  j)ost  mortem  examinations  of  126  animals 
were  made.  Of  this  number  22  animals  showed  an  elevation 
of  temperature  of  less  than  1.5°  C.  (2.7°  P.),  eight  of  which 
were  found  glandered,  13  free;  15  horses  showed  a  reaction 
of  1.5°  to  2°  C,  all  of  which  upon  post  mortem  were  found 
glandered;  and  89  animals  reacted  2°  C.  or  over,  of  which 
84  were  found  glandered  and  five  healthy.  Of  these  five,  one 
did  not  show  the  typical  reaction  described  above,  while  in 
the  other  four  the  writers  suspected  serious  eiTors  either  in 
the  quality  of  mallein  used  or  in  the  post  mortem"  examina- 
tion. H.  Schindler,(^)  chief  veterinarian  to  the  7th  Austrian 
hussars,  after  ineffectual  attempts  to  stamp  out  glanders  in 
his  regiment  b^'  the  ordinary  means  of  destroAang  all  those 
showing  symptoms  of  the  disease,  used  mallein  upon  26  ex- 
posed horses,   three  of  which  reacted  2°  or  over,  and  after 


(1)  Deutcho  Zeitschrift  fur  Thiermedicin,  Mar.  1^9;^ 

i'l)  Ibid,  Sept.  ISia. 

i\])  Gisterrcicliischo  Mcinatschrift  fur  Thiorheilkurnle,  .July  l>i*l. 
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death,  were  found  glandered.  The  three  showing  the  next 
highest  temperature,  all  less  than  2°  above  normal,  were 
found  upon  examination  after  death  to  be  healthy. 

Laquerrie  ( ^ )  with  Latour,  records  a  test  with  mallein  in 
an  infected  transfer  stable  in  Paris  containing  141  animals, 
but  ten  ol  which  showed  signs  of  glanders  prior  to  the  test. 
These  ten,  with  87  others  which  had  shown  no  symptoms  of 
glanders  reacted  to  the  mallein  to  the  extent  of  2^  or  over 
and  upon  post  mortem  examination  the  entire  97  were 
found  glandered.  Twenty-five  of  the  remaining  animals 
showing  a  fever  of  1°  to  1.5°  after  the  mallein  injection,  were 
killed  and  found  glandered  while  five  others,  showing  no 
reaction,  were  found  health}*^  upon  post  mortem  examination 
and  the  remaining  12  showing  no  reaction  remained  sound. 
Nocard  (*)  oftheNational  Veterinarj' School  at  Alfort,  France, 
after  trying  in  vain  by  rigid  inspection  and  killing  of  all 
diseased  animals  found,  to  control  glanders  in  a  transport 
stable  in  Paris  containing  some  6,000  horses,  finalh^ resorted 
to  the  use  of  mallein  and  was  surprised  to  find  that  several 
hundred  animals  showed  fever  after  the  mallein  injection, 
scarcely  an3'  of  which  showed  any  signs  of  the  disease  before. 
All  these  were  killed  and  post  mortem  examination  showed 
them  all  to  be  glandered,  many  of  them  only  to  the  extent  of 
a  very  few  small  tubercles  or  nodules  in  the  lungs,  the  nature 
of  which  was  clearly  proven  by  making  pure  cultures  of  the 
glanders  germs  from  these  nodules. 

I.Neiman(^)  speaking  of  the  use  of  mallein  in  Russia  gives 
a  long  list  of  investigators,  all  of  whom  fully  agree  to  the 
great  merit  of  this  substance  as  a  diagnostic  agent  in  glan- 
ders. Dr.  F.  Boschetti(*)  records  a  considerable  number  of 
experiments  with  mallein  in  Italy  and  pronounces  it  a 
thoroughly  reliable  test  for  glanders  in  all  stages.  Although 
less  numerous,  tests  with  mallein  in  the  Ignited  States  have 
proven  quite  as  satisfactory  as  in  Europe.    DeSchweimitz  (•) 

(1)  Ibid,  March,  1892. 

(2)  Bulletin  de  la  Societie  Contralo  de  Modicino  \  eterinaire.    1S92.  P.  97^. 
r3>  Revae  Veterinatre*    Nov..  1>^1. 

(4)  CE^terreichische  Monatsclirift  furThierheilkunde.    Aug.  l^[^:i. 

(5)  Procpedinifs  United  State*  Veterinary  Medical  Associaliou,  1*^91-9 J. 
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and  Kilboume  of  the  United  States  Bureau  of  Animal  Indus- 
try cite  38  tests  with  mallein  (mostly  upon glandered  horses) 
either  by  themselves  or  under  their  directions,  in  all  cases 
proving  wholly  reliable,  Dr.  Pearson (^)  Prof.  Veterinary' 
Medicine,  Univ.  Pa.,  experimented  with  mallein  upon  guinea 
pigs,  some  of  which  were  healthy,  others  glandered;  the 
latter  reacted  strongly. 

Dr.  Nuppe,  in  an  unpublished  paper,  reports  mallein  tests 
upon  about  300  horses  in  large  establishments  in  New  York 
city  where  glanders  had  long  been  prevalent,  with  the  result 
that  several  cases  of  internal  or  masked  glanders  were  found 
and  destro\'ed,  putting  an  end  to  the  ravages  of  the  disease 
in  the  infected  stables. 

In  the  brief  time  during  which  this  station  has  existed  it 
has  not  been  practicable  to  arrange  for  experiments  with 
contagious  diseases  at  the  station,  so  that  our  opportunities 
for  making  mallein  tests  have  been  upon  farms  where  the 
disease  existed,  a  condition  which  has  necessarilv  restricted 
our  experiments  within  very  narrow  limits.  Our  experiments 
with  mallein  were  confined  to  two  stables  in  which  glanders 
had  existed  for  some  time  and  the  mallein  test  was  applied 
to  eight  animals.  The  results  of  these  eight  tests  may  be 
brieflv  summarized,  as  follows: 
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Nos.  1,  2,  3  and  5  were  all  clearl3'  affected  with  glanders 
and  so  pronounced  before  using  the  mallein.  As  will  be  seen 
all  showed  a  reaction  to  mallein  of  not  less  than  2.9°  C 
(5.22°  F.).  No.  5  showing  areaction  of  2.1°  was  apparently 
well  and  so  continues,  which  mav  be  accounted  for  bv  an 


(1)  Journal  Comparative  Medicino.    Sopt..lS91. 


Bulletin  No.  4.  GLANDERS.  June,  '94.     105 

accident  in  injecting  the  niallein,  the  day  being  so  cold  that 
the  mallein  froze  in  the  syringe,  rendering  the  dose  uncer- 
tain and  no  opportunity  has.  occurred  to  make  a  second 
test.  No.  5  has  at  no  time  shown  signs  of  glanders,  al- 
though the  reaction  clearly  denotes  that  she  is  affected. 
She  is  the  mate  to,  and  \vas  driven  with  No.  5,  until  the 
latter  became  seriously  affected  with  glanders,  when  they 
were  separated  and  both  are  still  under  observation.  Nos.  4 
and  8  remain  sound. 

The  foregoing  observations  upon  the  employment  of  mal- 
lein form  but  a  part  of  the  great  number  of  records  of  its  use  and 
serve  only  to  illustrate  its  great  value  in  diagnosing  glan- 
ders. Its  use  under  proper  precautions  is  almost  wholly 
without  danger  of  error  and  places  in  the  hands  of  veterina- 
rians for  the  first  time  a  reliable  agent  for  determining 
promptly  the  existence  or  absence  of  glanders  in  suspected 
or  exposed  animals.  The  preparation  and  use  of  mallein 
is  constantly  becoming  better  understood,  so  that  the 
errors  made  in  its  use  at  first,  are  now  mostl}'^  understood 
and  avoidable,  The  mallein  test  possesses  a  double  value 
discovering  unsuspected  cases  of  glanders  and  freeing  from 
suspicion  animals  affected  with  other  diseases  similar  in 
appearance  to  glanders. 

GLANDERS    IN    OTHER    ANIMALS. 

We  have  already  had  occasion  to  say  that  glanders  had 
been  recorded  in  all  domesticated  animals  except  cattle  and 
in  a  number  of  wild  animals  in  captivity.  Of  all  domesti- 
cated animals,  mules  and  asses  contract  glanders  most 
readily  and  suffer  most  severely  so  that  a  horse  affected  with 
mild  or  masked  glanders  introduced  into  a  band  of  mules, 
while  retaining  his  general  appearances  of  health  causes  the 
disease  to  spread  rapidly  and  in  a  very  fatal  form  among  the 
mules,  the  real  cause  .of  the  fatality  frequently  remaining 
for  a  long  time  unsuspected.  It  is  very  difficult  to  induce 
the  disease  in  the  sheep  or  goat  and  practically  never  occurs  in 
them  except  by  experimental  inoculation  and  then  they  suffer 
but  little  from  it  as  a  rule.    In  camivora  it  is  more  readilj" 
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induced  than  in  cattle,  sheep  and  goats,  and  has  been  seen 
in  dogs,  cats,  lions,  tigers,  panthers  and  other  flesh  eaters. 
Among  rodents  it  is  easily  induced  by  inoculation  in  rabbits, 
Guinea  pigs,  rats  and  mice  and  in  a  very  severe  form.  It  is 
doubtful  if  the  disease  ever  exists  in  the  pig.  The  symptoms 
in  all  these  animals  are  essentially  the  same  as  described  in 
the  horse. 

GLANDERS    IN    MAN. 

Human  glanders  has  been  recognized  for  nearly  a  cen- 
turv  as  one  of  the  most  loathsome  and  fatal  of  diseases.  It 
is  usually  contracted  from  the  horse  or  mule  by  accidental 
inoculation  in  wounds,  and  consequently^  happens  almost 
wholly  among  those  who  have  the  care  of  hoi"ses,  and  is 
therefore  most  common  in  man,  in  those  countries  where  it  is 
most  prevalent  in  horses.  A  large  proportion  of  glandered 
horses  are  doctored  under  the  direction  of  some  neighbor- 
hood or  travelling  quack  regardless  of  the  jeopardy  in  which 
it  places  the  attendant's  life  and  it  is  only  from  the  fortun- 
ate fact  that  man  does  not  readily  contract  the  disease  that 
more  people  do  not  perish  from  it.  The  disease  in  man  nat- 
urally is  contracted  most  frequently  from  horses  suffering 
in  a  mild  form  as  these  are  handled  and  doctored  without 
suspecting  the  nature  of  the  malady,  while  severe  cases  are 
usually  shunned;  thus  in  southern  Russia  where  glanders  in 
horses  is  both  ver^*^  common  and  mild  it  is  quite  prevalent  in 
man.  In  the  district  of  Berdian,  Russia,  fifteen  cases  were 
reported  in  1891,  and  twenty-nine  in  1892-93  mostly  among 
the  agricultural  classes  who  do  not  fear  the  disease. .  The 
apparent  increase  in  the  number  of  cases  in  man  is  suspected 
to  be  due  rather  to  increased  knowledge  of  the  disease  on 
the  part  of  phj'sicians  who  recognize  the  true  nature  of 
more  of  the  cases  of  glanders  coming  under  their  care.  In 
Roumania  with  a  climate  similar  to  southern  Russia  the 
disease  is  quite  frequent  in  man.  In  those  countries  where 
the  disease  is  more  severe  in  horses,  and  veterinar3'  police 
laws  against  glanders  in  animals  are  enforced,  it  is  less 
common  in  man,  probably  a  majority  of  cases  passing  unre- 
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cognized,  their  rarity  throwing  the  physician  off  his  guard. 
It  occurs  occasionally  in  all  sections  of  the  United  States, 
and  although  occurring  in  man  in  Montana  no  statistics  are 
available  to  show  it  to  be  more  or  less  common  than  in 
other  states.  The  symptoms  are  essentially  the  same  as 
those  noted  in  the  hoi^se,  the  severe  form  beginning  wdth 
high  fever,  chills,  discharge  from  the  nostrils  with  ulcerations,, 
inflammation  of  joints  and  of  lymphatic  glands, (farcy  buds,> 
cough,  difficult  breathing,  inflammation  of  the  lungs,  etc.,  and 
from  this  severe  form  there  is  every  gradation  to  the  mild 
chronic  or  even  internal  or  masked  form.  Dr  V.  Babes, 
Bucharest,  Roumania,  records  a  case  in  man,  who  as  a 
groom,  had  cared  for  a  glandered  horse,  sickened  apparently 
of  pleurisy,  seemed  to  recover,  went  to  work  in  an  oxherd, 
and  after  being  away  from  horses  for  six  years,  sickened  and 
died  of  glanders,  the  post  mortem  examination  showing  the 
■presence  of  old  glanders  lesions  or  changes  which  had  occurred 
at  time  of  pleurisy,  thus  showing  that  in  man  as  in  the  horse, 
the  disease  may  exist  for  a  long  time  in  an  unrecognizable  or 
masked  form. 

CAUSES  OF  THE  PREVALENCE  OF  GLANDERS  AMONG 

MONTANA  HORSES. 

No  intelligent  stockowner  would  knowingly  retain  a 
glandered  horse  among  other  healthy  animals  or  permit  it  to 
be  handled  by  men  so  as  to  endanger  their  lives,  consequently 
glandered  horses  exist  chiefly  because  it  is  not*  recognized  by 
the  owner  owing  to  its  very  mild  or  wholly  unrecogniza- 
ble character.  We  thus  find  glanders  most  common  in  those 
countries  where  it  is  mildest  in  character.  Such  is  the  case  in 
Montana  and  other  Rocky  Mountain  states,  where  glanders 
runs  a  very  mild  course  and  being  unrecognized  by  horse- 
owners  the  affected  animals  areallow^ed  ^xar  after  year  upon 
the  same  range,  or  kept  in  the  same  stable  with  healthy 
horses,  the  disease  spreading  slowly  but  surelj'^  until  at  pres- 
ent, although  our  climate  is  such  as  to  render  the  disease  far 
less  virulent  than  usual,  it  has  become  common.  The  scarci- 
ty of  qualified  veterinarians,  by  leaving  most  all  animals  to 
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the  care  of  persons  not  versed  in  animal  diseases,  tends  also 
to  increase  the  prevalence  of  glanders  and  the  inferior  value 
of  a  large  part  of  the  horses  themselves  secures  for  them  scant 
care,  atnd  running  in  a  wild  state  upon  the  ranges  are  rarely 
closely  inspected  by  owners  or  others,  and  even  if  known  to 
be  diseased  are  of  too  little  value  to  attract  attention.  Glan- 
ders is  pre-eminently^  a  disease  of  cheap  horses,  in  part  be- 
cause they  are  not  worth  looking  after  when  diseased,  and 
in  part  l>ecause  their  owners  are  frequently  careless  even 
against  their  interests. 

TREATMENT. 
In  most  countries  the  treatment  of  glanders  is  prohibited 
by  law,  and  instead,  the  control  and  eradication  of  the  dis- 
ease is  sought  by  compulsorj^  quarantine,  slaughter  and 
disinfection.  Its  treatment  has,  until  very  recently,  rarely 
been  undertaken  by  qualified  veterinarians,  except  as  an 
experiment,  while  quacks  and  owners,  ignorant  of  the 
nature  of  the  disease,  have  been  profuse  in  their  efforts  to  cure 
i:he  disease,  it,  in  the  meantime  spreading  to  other  animals. 
All  kinds  of  drugs  and  nostrums  have  been  used  by  these  per- 
sons with  the  only  result,  if  any,  of  causing  a  temporary  im- 
provement of  symptoms  rendering  it  all  the  more  dangerous 
because  unrecognizable.  The  curability  of  glanders  has  long 
been  a  vexed  question,  a  few  veterinarians  holding  that  many 
cases  were  curable,  while  the  majority-  held  that  all  cases  were 
positively  incurable  and  surely  fatal  and  between  these  tw-o 
extremes  every  grade  of  opinion  was  held.  These  views  have 
been  modified  largely  by  the  character  which  the  disease 
assumed  in  the  particular  country  in  which  the  veterinarian 
giving  the  opinion  was  located,  so  that  those  seeing  the 
disease  in  countries  like  southern  Russia,  Roumania  and 
Italy,  w^here  it  is  very  mild,  have  been  the  most  confident  of 
its  curability.  With  our  increased  knowledge  of  glanders 
and  other  infectious  diseases  the  idea  of  a  positively  fatal 
contagious  disease  has  well  nigh  disappeared  and  it  is  now 
quite  generally  admitted  by  leading  veterinarians  that  some 
•cases  of  glanders  recover  either  spontaneously  or  under 
treatment. 
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Dr.  Fleming,  ( ' )  late  chief  veterinarian  to  the  British  army , 
held  several  years  ago  that  possibly  some  rare  cases  of  farcy 
of  a  mild  type  and  in  the  first  stage  might  be  cured,  and  lately 
^*)  in  the  light  of  our  present  know^ledge  of  the  disease  admits 
the  possibility  of  recovery  in  a  much  greater  number  of  cases. 
Prof.  Williams, (^)  principal  of  the  New  Veterinary  College, 
Edinburgh,  admits  the  possibility  of  recovery  in  mild  cases 
of  farcy .  Prof.  F.  Friedberger  of  the  Munich  Veterinary  school 
and  Prof.  E.  Frohner  (*)  of  the  Ro3^al  Veterinary  College  at 
Berlin  assert  that  rarely  glanders  is  curable,  an  opinion  shared 
by  Prof.  I>ieckerhoflF(* )  also  of  the  Royal  Veterinary  School  at 
Berlin,  who  relates  an  instance  of  recovery  from  glanders 
occurring  in  his  practice.  Prof  E.  Nocard  (®)  of  the  National 
Veterinary  School  at  Alfort,  France,  gives  the  opinion  that 
the  use  of  mallein  as  heretofore  described  for  diagnostic 
purposes  not  infrequently  works  a  cure.  Dr.  E.  Semmer,  (^) 
chief  of  the  epizootic  department  of  the  Royal  Institute  for 
Experimental  Medicine  at  St.  Petersburg,  states  that  De- 
croix  and  Bouzom  in  Algiers  cured  numerous  cases  of  farcy, 
while  Brusaco,  Tollovio  and  Saltella  of  Turin,  Itah',  report 
having  cured  25  to  50  per  cent,  of  cases  of  glanders  and 
Neumann  in  the  Caucasus,  Haubner,  Bollinger  of  Munich 
and  others  report  successful  cures. 

With  Itzkovitsch,  Prof.  Semmer  observed  at  Dorpat, 
Russia,  the  spontaneous  recovery  of  a  severe  case  of  glanders 
which  had  been  induced  by  experimental  inoculation. 

Mercury  and  iodine  have  both  been  used  in  Russia  with 
apparent  success  in  glanders  of  horses  and  man,  but  Prof. 
Semmer  regards  mallein  as  giving  the  greatest  promise  of  a 
fairly  successful  curative  agent,  using  it  in  a  similar  manner 
to  that  already  described  for  diagnostic  purposes,  and  in  this 
connection  states  that  Avith  this  substance,  Pilavios,  princi- 


(1)  Veterinary  Sanitary  Science  and  Police,  Vol.  I.,  P.  505. 

(2)  Veterinary  Journal,  Oct.,  1894. 

(3)  Williams'  Principles  and  Practice  of  Veterinary  Medicine. 

(4>  Friodberiper  und  Frohner.    Lehrbach  der  Speciellen  Patlioloffio  nnd  Therapio. 

(5)  Dieckerhoff's  Lehrbnch  der  Speciellen  Patholof?ie  and  Thorapie.  Vol.  1,  P.  154. 

(6)  Deutsche  Zeitschrift  fur  Thiermedicin,  Sept,  1^4. 

(7)  Ibid  **Neber  gutartif^e  heilbaren  Formen  de«  Rotzes."    Dec.  1S93. 
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pal  veterinary  surgeon  to  the  Greek  arm^-,  cured  eight  glan- 
dered  horses,  and  Helman  of  Dorpat,  Russia,  three glandered 
horses  and  one  ass,  their  cure  having  been  tested,  the  animals 
being  thereafter  proof  against  inoculations  with  virulent 
glanders  matter  and  showing  no  reaction  to  mallein.  With 
blood  serum  from  these  horses  Prof.  Semmer  rendered  cats 
and  guinea  pigs  proof  against  glanders.  Leblanc  ( ^ )  asserts 
that  certain  forms  of  glanders  are  curable  bN'  the  use  of  mal- 
lein. 

V.  Babes  (* )  Professor  of  Experimental  Pathology,  Bucha- 
rest, Roumania,  after  noting  a  long  series  of  cases  of  unre- 
cognizable or  masked  glanders  in  horses  and  their  recover^', 
spontaneously  or  with  the  use  of  mallein,  says:  *'The  un- 
suspected frequency  of  masked  and  latent  glanders  in  horses, 
and  the  fact  that  spontaneous  recoverj"^  takes  place  in  a 
large  number  of  cases  of  the  disease — the  possibility  of 
which  has  been  denied  by  most  investigators,  but  must,  nev- 
ertheless, be  looked  upon  as  the  rule,  for  otherwise  half  the 
horses  would  die  from  glanders  in  certain  countries — sug- 
gests the  question  whether  the  glanderous  infection  in  other 
animal  species,  and  more  particularly  in  man,  does  not  pre- 
sent the  same  peculiarities  as  those  I  have  just  described." 
Prof.  Bonome  (^)  of  the  University  of  Padua,  Italy,  records 
the  successful  treatment  of  glanders  in  horse  and  man  by 
the  use  of  mallein.  Prof.  LeClainche(*)  of  the  veterinary' 
school  at  Toulouse,  France,  says:  **There  is  nothing  fatal 
in  glander  infection,  on  the  contrary  a  large  number  of  ani- 
mals resist  it  and  the  lesions  already  developed  cicatrize 
(heal).  It  is  established  that  glanders  may  disappear  in  the 
absence  of  all  treatment." 

It  should  be  noted  that  nearly  all  the  above  cited  cures 
from  glanders  are  reported  from  the  most  southerly  portions 
of  Europe,  where  the  disease  is  of  a  very  mild  character,  re 
(J  sembling   in  all    essential  particulars  the  type  the    malady 

.  <  1  >  Qtjstorreiehische  Monatschrift  fur  Tliierhcilkunde  July  1S93. 

^^  i2)  Voterinary  Journal,  Vol.  XXXIX,  p.  266, 

cji  The  Vrtorinarian,  Vol.  LXVIl,  p.  751. 

1 1)  Veterinary  Journal,  Vol.  XXXIX,  p.  2. 
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usually  assumes  in  Montana  and  other  Rocky  Mountain 
states,  in  which  region  several  veterinarians  have  seen  ap- 
parent recoveries  from  this  affection,  and  where   it  not  rare- 

I  ly  happens  that  animals  pronounced  glandered  by  veterinar- 
ians, apparently  recover  and  remain  sound  so  far  as  can  be 
seen,  frequently  leading  the  owner  to  believe  that  an  error 

1  had  been  made  and  that  the  horse  had  in  reality  been  aflfected 
with  some  other  less  serious  disease. 

i  It  is  not  uncommon  to  see  in  this  state  animals  clearty 

affected  with  glanders  which,  according  to  the  observations 
of  the  owner,  have  evidently  been  affected  for  five,  six  or 
more  years,  retaining  at  all  times  the  general  app)earances  of 
good  health,  part  of  the  time  free  from  any  glanders  symp- 

>^       toms  and  constantly  able  to  perform  ordinary  work,  showing 

it\       in  every  way  a*  strong  tendency  to  recover. 

^^-  In  one  case  now  under  observation,  known  as  No.  6  in 

»^*^.  the  table  on  page  104,  apparent  recovery  from  acute  glanders 
^^  "  has  taken  place  in  a  few  months,  without  treatment,  while 
^"^  in  No.  7  of  same  table,  glanders  is  clearly  present  according 
iti  ^^'  to  the  mallein  test,  the  animal  showing  otherwise  every 
not?  evidence  of  robust  health.  It  consequently  seems  probable 
^^  that  spontaneous  recoveries  from  glanders  take  place  among 
.  ^  Montana  horses,  especially  among  those  living  wholly  free 
to^  and  practically  wild  upon  the  high  ranges. 
rctcT^  Although  most  modern  investigators  admit  the  curability 

bi^.,  of  some  cases  of  glanders,  these  recoveries  are  confessedly 
b^  few  and  the  treatment  of  the  malady,  whether  by  medicines 
id  ^  or  mallein,  is  yet  purely  experimental,  unworthy  of  confidence 
>^^^^  from  a  practical  standpoint,  yet  pointing  hopefully  toward 
reliable  treatment  in  the  near  future.  Apparent  recoveries 
.cited  from  glanders  are  unfortunately  too  often  apparent  only, 
'  ^^po^and  serve  to  continue  the  spread  of  the  disease. 

A  horse  apparently  recovered  from  glanders  is  worthy  of 
being  regarded  with  very  great  suspicion,  and  his  apparent 
secovery  should  not  be  accepted  as  real   until  satisfactorily 
0.  lested  with  mallein,  and  the  treatment  of  glandered  animals, 

9Lcept  experimentally,  by  competent  investigators,  should 


I 
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be  prohibited  until  farther  knowledge  is  obtained  upon  the 
subject. 

IMnUNITY. 

As  in  most  contagious  diseases,  animals  which  have 
recovered  from  glanders  are  proof  against  future  exposures 
to  the  malady. 

Injections  of  virulent  glanders  matter  under  the  skin  of  a 
recovered  animal  may  cause  a  local  abscess  at  the  point  of 
injection,  which  heals  rapidly,  but  it  seems  impossible  to 
cause,  by  inoculation,  a  general  glanders  infection  after 
recovery. 

CONTROL  AND  ERADICATION. 

The  mild  character  which  glanders  assumes  in  Montana 
and  the  consequent  possibility  of  a  cure  in  some  cases  does 
not  warrant  less  vigorous  means  for  stamping  it  out  than 
were  it  severe  and  fatal,  but  its  mild  and  often  unrecognizable 
character  tending  constantly  to  increase  its  spread  unob- 
served, the  very  considerable  losses  it  constantly  entails  upon 
owners,  the  menace  to  the  health  of  man  and  the  fact  that 
cases  of  masked  or  latent  glanders  shipped  to  the  markets 
upon  which  w^e  must  depend  for  the  sale  of  our  surplus 
horses,  and  there  put  to  work,  quickly  develop  the  disease  in 
a  severe  typ)e,  all  serve  to  make  it  as  important  that  Montana 
should  be  free  from  glanders  as  that  other  states  should  be 
free.  It  is  important,  too,  that  its  eradication  should  be 
pushed  as  early  and  vigorously  as  possible  while  it  is  confined 
as  at  present,  chiefly  to  the  poorer  grades  of  horses,  while 
the  better  bred  and  cared  for  bands  are  rarely  infected.  When- 
ever symptoms  of  glanders  are  observed  in  a  stable  or  band 
of  horses  the  state  veterinary  surgeon  should  be  prompth'- 
notified  and  an  inspection  of  all  suspected  or  exposed  animals 
made  by  him,  those  evidently  glandered  destroyed,  those 
suspected  or  exposed  tested  with  mallein  and  those  found 
to  react,  destroyed,  the  carcasses  deeply  buried  or  preferably 
burned,  the  stables  disinfected  and  the  disease  promptly 
stamped  out. 
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A  serious  obstacle  to  the  eradication  of  glanders  in 
Montana  is  the  vast  number  of  worthless  range  horses,  the 
present  value  of  which  would  not  repay  the  trouble  and 
expense  of  a  mallein  test,  yet  they  constantly  menace  the 
health  of  our  better  bands  and  constitute  an  expensive 
nuisance  to  the  state  from  whatever  standpoint  viewed. 
The  breeding  of  fewer  and  better  horses  should  be  encouraged, 
and  some  means  devised  for  the  destruction  of  the  worthless 
animals. 

In  the  investigation,  control  or  eradication  of  this  and 
other  diseases  of  livestock  in  Montana,  this  station,  through 
its  veterinarian,  wishes  to  heartily  cooperate  with  stock- 
owners  generally,  arid  render  any  assistance  possible. 


EXPLANATION  OF  ILLUSTRATIONS. 


FIG.  I.  Nasal  partition  from  an  aged  Montana  range  mare  said  to  have  been  glanderod 
four  or  five  years,  dariniEr  which  time  she  had  shown  sliglit  discharge  from 
the  right  nostril  and  cooaiderable  swelling  of  right  submaxillary  glan<l. 
Otherwise  she  appeared  in  good  health. 

A.  Recent  glanders  ulcers,  with  ragged,  ulcerating  edges. 

B,  Old  ulcerated  tatch  which  has  healed,  leaving  a  wrinkled  scar.    The 
reverse  side  of  this  septum,  which  is  healthy,  is  represented  in  Fig.  IV. 

FIQ.  II  1.  A  portion  of  one  of  the  turbinated  bone^.  and  2.  the  nasal  partition  from 
a  d-y ear-old  Illinois  filly  affected  with  glanders  about  one  year.  At  A  in  1 
are  seen  scyeral  solitary  glanders  ulcers.  The  entire  surface  of  2  has  been 
destroyed  by  the  confluence  (running  together)  of  innumerable  ulcers  which  at 
B  have  penetrated  so  deeply  that  they  hare  pierced  the  septum  from  side  to 
side  so  that  a  man's  finger  could  be  passed  through  the  partition  from  one 
nostril  into  the  other.  At  A  is  seen  an  old  adhesive  band,  the  result  of  glanders 
ulceration,  which  united  the  nasal  partition  to  the  outer  nostril  wall.  The 
septum  shows  throughout,  a  tendency  to  heal 

FIG.  III.  Nasal  parti tition  from  an  aged  Montana  ge'ding,  kept  mostly  on  the  range, 
at  times  worked  upon  a  farm,  said  to  have  been  affected  for  four  or  five 
years,  his  mate  being  more  severely  affected  during  the  same  period.  At 
A  are  seen  three  small  ulcers,  and  atR  a  dark  colored  but  otherwise  apparently 
healthy  spot  the  nature  of  which  is  unknown.  No  scars  from  previous 
ulceration  are  to  be  found,  doubtless  because  they,  like  those  seen  at  A,  have 
all  been  small  and  very  superficial. 

FIG,  IV.  The  left  side  of  Fig.  I,  showing  the  apearance  of  a  healthy  septum  or  nose 
partition. 

FIG.  V.  Nasal  partition  from  a  S-year  old  Montana  farm  gelding,  affected  with  acute 
glanders  for  a  few  weeks.  Both  sides  were  affected  alike,  the  entire  surface 
of  the  partition  being  one  continuous  mass  of  ulcerating,  sloughing  tissues, 
the  gangrene  or  death  of  the  parts,  extending  deeply  at  A  so  that  had  the 
animal  lived  a  few  weeks  longer  the  partition  would  have  been  perforated  as 
in  Fig.  II. 

FIG.  VI.  Nasal  partition  from  an  aged  Illinois  gelding  affected  with  acute  glanders 
of  a  few  months.  From  A  to  A  along  center  of  partition  is  one  continuous 
ulcerating  patch,  while  on  either  ^ide  are  smaller  ulcerating  patches  inter- 
spersed with  healthy  patches.    Opposite  side  is  wholly  free  from  ulceration. 

FIG,  VII.  Nasal  pHrtition  from  a  4-year-old  Montana  farm  gelding,  affected  with 
glanders  about  one  year,  At  A  are  shown,  two  large  wrihkled  scars,  the  seat  of 
former  ulcerating  patches.    At  B  are  seen  several  recent  ulcers. 
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MONTANA  AGRICULTURAL 

EXPERIMENT  STATION 


LETTER  OF  TRANSfllTTAL. 

BozEMAN,  Montana,  February  1st,  1895. 
To  His  Excellency,  John  E.  Richards,  Governor  of  Montana: 
Dear  Sir:    I  have  the  honor  to  transmit  to  vou  here- 
with  in  accordance  with  law,  the  first  annual  report  of  the 
Montana  Agricultural  Experiment  Station. 

Respectfully, 

S.  M.  Emery,  Director. 


EXECUTIVE  BOARD. 

Lester  S.  Willson,   President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kinkel,  Jr.,  Vice  President Manhattan. 

Walter  Cooper Bozeman. 

E.  H.  Talcott Livingston. 


EXPERIMENT  STATION  STAFF. 

S.  M.  Emery Director  and  Horticulturist. 

Luther  Foster,  M.  S.  A Agriculturist  and  Botanist. 

F.  W.  Traphagen,  Ph.  D,  F.  C.  S Chemist. 

W.  L.  Williams,  V.  S Veterinarian. 

A.  M.  Ryox,  C  E Irrigation  Engineer. 


Post  Office,  Express  and  Freight  Station,  Bozeman. 
All  communications  for  the  Experiment  Station  should 
he  addressed  to  the  Director. 

Montana  Experiment  Station, 

Bozeman,  Mont. 


NOTICE — The  bulletins  of  the  Station  will  be  mailed  free 
to  any  citizen  of  Montana  who  sends  his  name  and  address 
to  the  Station  for  that  ])urpose. 


Report  of  the  Treasurer  of  the  Board. 


The   Montana   Experiment  Station   in   account  with    the 
United  States  Appropriation^  1893-94. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ending  June  30,  1891,  as  per 
Act  of  Congress  approved  March  2,  1887 815,000  00 

Cr. 

By  Salaries 3,499  54 

I^bor 1,481  18 

Publication 247  75 

Postage  and  Stationery 295  70 

Freight  and  Express 491  2G 

Heat,  Light  and  Water 320  78 

i Chemical  Supplies  and  Scientific  Apparatus 1,9:^  36 

Seeds,  Plants  and  sundry  supplies 155  71 

Feeding  StuflPs :^20  06 

Tools,  Implements  and  Machinery 836  84 

Furniture  and  Fixtures 655  83 

Live  Stock 716  30 

Traveling  Expenses 160  24 

Contingent  Expenses 227  25 

Fence ^WJl  20 

BuUding  and  Repairs 3,aX)  00 

Total , .  §15,C)00  00 

1  hereby  certify  that  the  aboye  is  a  true  and  correct 
statement  of  the  receipts  and  expenditures  of  the  Montana 
Experiment  Station  for  the  fiscal  year,  ending  June  30,  1894. 

PETER  KOCH,  Treasurer. 

We  the  undersigned,  dul}' appointed  auditors,  certify  that 
we  have  examined  the  aboye  account  and  find  it  correct. 
Dated  at  Bozeman,  Montana,  this  23rd  day  of  Januarv',  1895. 

LESTER  S.  WILLSON, 
WALTER  COOPER. 

Attest:    Peter  Koch,  Secretary. 


Montana  Experiment  Station. 
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Annual    Report  of  the  Director,  for   the  Fiscal 

Year  Ending  June  30,  1894. 


ORGANIZATION. 

The  Montana  Experiment  Station  was  established  by 
an  act  of  the  Third  Legislative  Assembly  of  Montana,  under 
date  Februarj'^  16,  1893;  the  official  existence  of  the  station 
began  July  1st,  1893. 

STATION    STAFF. 

The  following  were  elected  members  of  the  station  staff 
b3'  the  executive  board  and  duh- confirmed  by  the  state  board 
of  education: 

S.  M.  Emery,  Director  and  Horticulturist;  Luther  Foster, 
Agriculturist  and  Botanist;  F.  W.  Traphagen,  Ph.  I).,  Chem- 
ist; W.  L.  Williams,  Y.  S.,  Veterinarian. 

STATION    FARH. 

A  better  selection  of  a  site  for  the  experiment  farm  could 
not  have  been  possible,  comprising  a  quarter  section  of  land, 
every  foot  of  which  is  susceptible  of  cultivation .  It  is  situated 
adjoining  the  city  limits,  within  4,000  feet  of  the  business 
center  of  Bozeman.  The  two  main  highwa3^s  of  the  county 
leading  out  from  the  City  of  Bozeman,  and  into  the  famous 
Gallatin  valley,  pass,  one  on  the  north,  the  other  on  the  south 
side,  of  the  farm;  the  electric  street  car  line  starting  from  the 
passenger    depot  of  the  Northern   Pacific  railwaj^  passes 
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within  a  block  of  the  grounds  on  the  east,  and  the  proximity' 
to  these  main  thoroughfares  places  the  farm  under  the  direct 
observation  of  the  largest  body  of  agriculturists  within  the 
state,  while  at  the  same  time  those  from  abroad  are  offered 
the  best  possible  opportunity  to  visit  and  inspect  the  station. 

The  farm  was  naturally  a  fertile  tract,  but  its  manage- 
ment for  the  ten  years  prior  to  state  ownership  has  been  of 
the  poorest. 

The  cultivation  has  been  slovenly  in  character,  the  soil 
has  been  impoverished  by  injudicious  cropping  and  iL  is 
infested  with  wild  oats  and  sunflowers. 

The  improvements  on»  the  farm  were  almost  worthless, 
the  fences  old  and  decayed,  the  stables  built  of  logs,  were 
dilapidated,  and  the  farm  house,  of  frame  structure,  was 
poorly  constructed  and  ilh'  arranged. 

These  conditions,  however,  offer  an  excellent  opportu- 
nity to  formulate  and  execute  a  polic}'  in  improvements  as 
will  be  an  object  lesson  and  a  pattern  to  the  Montana  farmer 
in  improving  his  farm,  while  the  foul  condition  of  the  fields 
will  afford  an  immediate  lesson  to  the  agriculturist  in  the 
extermination  of  noxious  plant  growth;  which  is  too  often 
to  be  seen  in  the  fertile  fields  of  the  irrigated  region,  and  the 
bringing  back  to  the  state  of  original  virgin  fertility  of  the 
farm  soil,  will  be  a  no  less  valuable  experiment  to  the  inter- 
<ested  agriculturist. 

Aside  from  structures  that  will  be  used  strictlv  for  scien- 
tific  experimentation,  it  is  our  opinion  and  will  be  the  policy' 
of  this  station,  to  erect  onlj^  such  buildings  for  farm  purposes 
-as  will  serve  as  desirable  models  to  the  ordinary  farmer. 

BUILDINGS. 

Plans  have  been  adopted  and  a  contract  let,  and  the 
construction  well  under  way,  of  a  station  building  45^/^x50 
ft.,  stone  foundation,  brick  veneer,  to  consist  of  a  basement, 
two  full  stories  and  a  capacious  attic,  plain  but  substantial 
in  character,  to  cost  $3,516.00. 

A  combined  poultry  house  and  machine  shed  25x4S  ft., 
has  been  erected  at  a  cost  of  $234.00. 
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FENCES. 

The  farm  has  been  enclosed  with  a  substantial,  durable 
fence,  of  the  following  materials. 

Red  cedar  posts,  round,  seasoned,  peeled,  sawn  square 
top  and  bottom,  planted  28  inches  in  depth,  one  rod  apart', 
double  thick  set  galvanized  barbed  wire,  five  strands,  best 
quality. 

FERTILIZERS. 

Six  hundred  and  thirty-six  loads  of  stable  manure  have 
been  spread  on  the  poorest  soil  at  the  rate  of  40  2-horse  loads 
to  the  acre,  six  acres  were  sown  to^  alfalfa,  four  acres  to  red 
clover,  six  acres  to  Irish  potatoes,  with  clean  culture,  and 
six  acres  to  field  peas.  It  is  proposed  to  use  a  judicious  system 
of  crop  rotation,  of  crops  nitrogenous  in  character,  of  green 
manuring,  combined  with  hoed  crops  under  clean  culture, 
and  the  application  of  all  the  manure  that  can  be  procured 
during  the  winter  season,  rather  than  the  summer  fallow^ 
system  now  in  general  use  in  this  valley. 

EXPERIMENT    PLATS. 

Aside  from  the  plan  of  treating  the  entire  farm  experi- 
mentally, ten  acres  have  been  devoted  to  plats  for  experi- 
mentation, ranging  in  size  from  the  tenth  of  an  acre,  to  those 
requiring  a  pound  of  seed  in  sowing.  This  is  situated  in  the 
most  prominent  part  of  the  farm,  is  intersected  bj'  a  broad 
drive  way,  at  each  end  of  which  are  gates,  and  in  the  count3^ 
papers  have  been  published  invitations  to  the  farmers  to  pass^ 
through  and  inspect. 

The  accompanying  report  of  the  Agriculturist  will  state 
the  nature  of  crop  experimentations. 

LIVE    STOCK. 

A  span  each,  of  heav^^  draft  mares  and  geldings  have 
been  purchased  for  farm  use,  one  of  the  latter  died  in  April 
and  has  been  since  replaced. 

The  poultry  house  has  been  stocked  with  desirable  fowlsi 
of  the  following  varieties: 


Bulletin  No.  5.      ANNUAL  REPORT.      Feb.  1,95.     135 


Brown  Leghorns,  Plymouth  Rocks,  Partridge  Cochins, 
and  Bronze  Turkej-^s. 

CROP  STATISTICS  OF  GALLATIN  COUNTY. 

Desiring  to  know  what  had  been  accomplished  in  farming 
operations,  the  detached  card  was  mailed  to  each  owner  of 
farm  lands  in  this  county  (950  in  number)  and  their  answers 
have  been  collated,  thus  giving  the  station  an  intimate 
knowledge  of  pre vious  farm  results,  Yer3''  valuable  in  many 
ways: 

Office  Montana  Experiment  Station. 

BozEMAN,  Montana,  October  1st,  1893. 

Dear  Sir:  This  Station  believes  that  the  Gallatin  valley 
is  one  of  the  very  best  agricultural  districts  in  the  world,  and 
for  the  purpose  of  confirming  this  opinion,  we  ask  that  you 
fill  out  the  card  hereunto  attached,  with  answers  to  each 
question,  at  your  earliest  opportunity. 

Detach  the  card  that  is  to  be  returned  to  us,  from 
this  card  and  mail  to  the  Station.  These  cards  go  to  each 
fanner  in  the  valley  and  we  expect  general  replies  from  all. 
When  received  they  will  be  properly  collated  and  published, 
and  will  be  placed  in  the  hands  of  thousands  of  readers 
through  the  instrumentality  of  the  railroads.  The  benefits 
will  be  of  great  value  to  this  section,  and  speed}'  replies  are 
therefore  expected. 

We  realize  that  this  has  been  a  trying  year,  on  account 
of  unseasonable  w^eather,  but  please  get  to  this  as  soon  as 
you  have  threshed  and  it  will  be  duly  appreciated. 

Yours  trulv, 

The  Director. 


How  many  acres  of  laDd  do  jou 
cultivate? 

How  mauy  acres  of  pasture  land? 
•••«.....•.•••■•  ••••.«••  •..•..•. 

How  many  acres  under  irriga- 
tion?  

How  mauy  inches  of  water  are  you 
entitle^!  to  use? 

How  many  inches  of  water  do  you 
use  to  the  acre? 

How  many  acres  are  seeded  down? 


How  many  acres  of  alfalfa? 

How  mauy  acres  of  oats? 

What  was  the  yield  per  acre? 

How  many  acres  of  wheat? 

What  was  the  yield  per  acre? 

Variety  of  wheat  sowu? 

Yield  wiuter  wheat? 

Yield  spring  wheat? 

Has    hard   wheat    developed  into 
soft  wheat  under  irrigation  with 


you? 
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What  varieties  of  tame  grasses  arc     Acres   barley? 

your  meadows? Yield  per  acre? 

Acres  of  peas? 

What  is  the   average  per  acre  of     Yield  per  acre? 

tons  of  hay? Acres  of  potatoes? 

How  many  crops  of  hay  do  you  cut  What  varieties  of  potatoes? 

per  season? 

What  was  the  yield? 

Sign  Name 

Post  Office  Address 


The  Gallatin  valley  farm  averages  in  size  196  acres. 

Two  and  one-ninth  inches  of  -water  is  used  per  acre  in 
irrigation;  this  lavish  use  is  owing  to  the  habit  of  flooding 
hay  meadows,  both  previoush'  and  subsequenth'  to  hay 
harvest. 

Cereals  average  per  acre  as  follows:  Oats,  54  3-5  bu.; 
wheat,  hard  spring,  32  1-2  bu.;  wheat,  winter,  39  bu.;  bar- 
ley, 44  1-3  bu. 

The  general  average  for  ha}^  per  acre,  1  2-9  tons,  peas,  23 
1-2  bu.,  and  for  potatoes,  263  8-9  bu.  per  acre.  Forty-six  dif- 
ferent varieties  of  potato  seed  were  used,  with  but  little  re- 
gard to  size,  shape,  color  or  season.  It  is  impossible  under 
this  system  to  secure  straight  varieties  for  shipment,  and  the 
grower  suffers  serious  loss  on  this  account.  Early  ripening 
varieties,  white  in  color  and  medium  in  size,  command  the 
best  price  in  eastern  markets. 

FARMERS'    INSTITUTES. 

Pending  the  time  when  the  growing  duties  of  the  station 
and  college  would  engross  the  entire  time  of  the  station  staff 
(all  of  whom  are  employed  in  the  dual  capacity  of  experi- 
mentors  and  instructors)  it  was  deemed  advisable  to  conduct 
institutes. 

Forty-nine  meetings  in  all,  were  held,  in  some  of  the  most 
promising  agricultural  sections  of  the  state. 

The  attendant  expenses  have  been  borne  by  the  respective 
communities,  a  burden  most  cheerfully  assumed,  in  order  to 
secure  the  services  of  the  staff. 

The  interest  in  our  work  and  the  feeling  shown  to  the 
stcition  b\^  the  farmers,  and  the  Press  of  the  State  is  the  most 
kindlv  and  cordial  in  character,   and  the  usefulness  of  the 
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Institution,  can  but  be  greatly  augmented  by  the  promised 
and  performed  hearty  co-operation  of  those  most  interested 
in  its  operations. 

PRESS    COnnUNICATIONS. 

Aside  from  the  business  correspondence  of  the  various 
departments  which  is  rapidly'  increasing,  and  the  editing  of 
the  bulletins  of  the  station,  there  is  a  great  and  growing 
demand  upon  the  staff  for  communications  for  publication 
for  newspapers  and  magazines,  both  within  and  without 
the  state. 

This  service  is  alwavs  most  heartily  rendered  to  the  best 
of  our  ability. 

NEWSPAPER  AND  MAGAZINE  EXCHANGE  LIST. 

The  Station  is  pleased  to  call  attention  to  its  large  and 
growing  list  of  newspapers  and  magazines  all  of  which  are 
in  exchange  for  the  bulletins  and  reports  of  the  Station. 

The  list  comprises  mam^  of  the  leading  agricultural  pub- 
lications of  the  day.  These  are  preserved  on  file,  and  acces- 
sible to  all  interested  in  them.  Sample  copies  may  be  ob- 
tained by  mailing  a  request  for  such  to  the  publishers. 

Orange  Judd  Farmer,  Chicago,  111. 

Elgin  Dairy  Report,  Elgin,  111. 

National  Dairyman,  Kansas  City,  Mo. 

Southern  Cultivator,  Atlanta,  Ga. 

Farm  and  Home,  Springfield,  111. 

American  Horticulturist,  Topeka,  Kan. 

Farm  and  Dairj',  Ames,  Iowa. 

North  West  Magazine,  St.  Paul,  Minn. 

American  Meteorological  Journal,  Boston,  Mass. 

Farmers*  Guide,  Huntington  Ind. 

South  West  Farm  and  Orchard,  Las  Cruces,  N.  M. 

Cultivator,  Omaha,  Neb. 

American  Fertilizer,  Philadelphia,  Penna. 

National  Nurserj^man;  Rochester,  N.  Y. 

Farmers  Magazine,  Springfield,  111. 

North  West  Farmer,  St.  Paul,  Minn. 
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North  West  Agriculturist,  Minneapolis,  Minn. 

Farm,  Stock  and  Home,  Minneapolis,  Minn. 

Breeders  Gazette,  Chicago,  111. 

Irrigation  Age,  Chicago,  111. 

American  Agriculturist,  New  York  City. 

Gardening,  Chicago,  111. 

American  Florist,  Chicago,  111. 

Hoard's  Dairyman,  Ft.  Atkinson,  Wis. 

Minnesota  Horticulturist,  Minneapolis,  Minn. 

Practical  Nurseryman,  Huntsville,  Ala. 

Field  and  Farm,  Denver,  Col. 

American  Farmer,  Springfield,  111. 

Farmers'  Voice,  Chicago,  111. 

Clover  Leai,  South  Bend,  Ind. 

Sugar  Beet,  Philadelphia,  Penna. 

Omaha  Index,  Omaha,  Neb. 

Green's  Fruit  Grower,  Rochester,  N.  Y. 

Grange  Visitor,  Lansing,  Mich. 

AVeekly  Sun,  Baltimore,  Md. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Riverside,  Red  Wing,  Minn. 

Republican,  Lake  City,  Mmn. 

Dairv  W^orld,  Chicago,  111. 

Dorset  Quarterly,  ^Vashington,  Pa. 

Poultry  Monthly,  Alban\',  N.  Y. 

Farmers'  Call,Quincy,  111. 

Mirror  and  Farmer,  Manchester,  N.  H. 

Farmer  and  Breeder,  Springfield,  111. 

Independent,  Helena,  Mont. 

Sentinel,  Boulder,  Mont. 

Avant  Courier,  Bozeman,  Mont. 

New  Issue,  Bozeman,  Mont. 

Chronicle,  Bozeman,  Mont. 

Pioneer,  Big  Timber,  Mont. 

Times,  Billings,  Mon{. 

Gazette,  Billings,  Mont. 

Inter  Mountain,  Butte,  Mont. 

Montanian,  Choteau,  Mont. 
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Silver  State,  Deer  Lodge,  Mont. 

New  Northwest,  Deer  Lodge,  Mont. 

Silverite,  Missoula,  Mont. 

Inter  Lake,  Kalispell,  Mont. 

Graphic,  Kalispell,  Mont. 

Tribune,  Dillon,  Mont. 

Examiner,  Dillon,  Mont. 

Western  News,  Hamilton,  Mont. 

Leader,  Great  Falls,  Mont. 

Tribune,  Great  Falls,  Mont. 

Democrat,  Lewistown,  Mont. 

Stockgrowers  Journal,  Miles  City,  Mont. 

Yellowstone  Journal,  Miles  City,  Mont. 

Missoulian,  Missoula,  Mont. 

Herald,  Neihart,  Mont. 

Mail,  Phillipsburg,  Mont. 

Red  Lodge  Picket,  Red  Lodge,  Mont. 

North  West  Tribune,  Stevensville,  Mont. 

Madisonian,  Virginia  City,  Mont. 

Advertiser,  Grantsdale,  Mont. 

Stockman  and  Farmer,  Helena,  Mont. 

Times,  Hamilton,  Mont. 

Bitter  Root  Bugle,  Hamilton,  Mont. 

Rocky  Mountain  Husbandman,  White  Suljjhur  Spi'ings. 

Montana  Mining  Area,  Helena,  Mont. 

The  Rockies,  Dillon,  Mont. 

ACKNOWLEDGMENT  OF  DONATIONS. 

This  Station  makes  suitable  acknowledgment  for  the 
donation  of  the  following  machinery.  All  first  class  of  their 
kind: 

One  Wood's  Self  Binder,  Wood's  Harvester  Co.,  St.  Paul. 

One  Acme  Harrow,  Duane  H.  Nash,  Millington,  N.  J. 

One  Osborne  Spring  Tooth  Harrow,  D.  M.  Osbom&  Co., 
Chicago. 

One  Babcock  Butter  Test,  Cornish,  Curtis  &  Green,  Ft. 
Atkinson,  Wis. 

One  Keystone  Dehorner,  A.  C.Brosius,  Cochranville,  Pa. 
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Two  Plant  Transplanters,   Rickenbacker  &   Baldridge, 

Columbus,  Ohio. 
One  Aspinwall  Potato  Planter,  Aspinwall  Alanufactur- 

ing  Co.,  Jackson,  Mich. 
One  Studebaker  Road   Cart,  Studebaker  Manufacturing 

Co.,  South  Bend,  Ind. 
One    McCormick    Mower,    McCormick    Manufacturing 

Company,  Chicago,  111. 
One  Shuart  Land  Grader,  D.  M.  Shuart,  Oberlin,  Ohio. 
One  Oliver  Chilled  Plow,  South  Bend,  Indiana. 
The  following  firms  made  substantial  reductions  from 
regular  prices,  for  the  following  machinery: 

Fairbanks,  Morse  &  Co.,  St.  Paul,  Minn.,  platform   hay 

and  grain  scales,  warehouse  and  counter  scales. 
A.  W.  Miles  &  Co.,  Livingston,  Montana,  one  Clark  Cut- 

awav  harrow. 
Johnson,  Field  &  Co.,  Racine,  Wis.,  one  fan  mill  and  one 

land  roller. 
S.  L.  Allen  &  Co.,  Philadelphia,  one  cultivator;  one  seeder, 

one  Planet,  Jr.  garden  hoe. 
G.  L.  Pounder,  Ft.  Atkinson;  Wis.,  one  field  harrow. 
Hoover  &  Prout,  Avery,  O.,  one  potato  digger. 


BULLETINS. 


Four  bulletins,  regular  series,  and  two  bulletins  for  the 
Press,  have  been  issued  for  the  year  ending  June  30,  1894, 
Avith  titles  as  follows. 

Bulletin  Number  One,  ** Organization  and  Announce- 
ments,*' 16  pp..,  by  the  Director. 

Bulletin  Number  Two,  *'Smut  of  Wheat,  Oats  and  Bar- 
ley,'' 16  pp.,  by  Professor  Foster. 

Bulletin  Number  Three,  **Pig  Feeding,"  32  pp.,  by  Pro- 
fessor  Foster. 

Bulletin  Number  Four,  **Glanders,"  64-  pp.,  by  Dr. 
Williams. 
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Press  Bulletin  Number  One,  **Sniut  in  Wheat  and  Oats,'* 
3  pp.,  by  Professor  Foster. 

■ 

Press  Bulletin  Number  Two,  **Summer  Fallow,"  1  p.,  by 
Professor  Foster. 

The  mailing  list,  to  which  all  bulletins,  **regular  series," 
is  sent,  contains  about  3900  names.  This  list  is  being  con- 
stantly increased  by  mail  requests  for  bulletins.  Bulletins 
No.'s  One,  Two  and  Three  were  issued  in  editions  of  5,000 
each,  Bulletin  Number  Four,  6,000. 

The  Press  Bulletins  are  mailed  to  the  newspapers  within 
the  state,  and  are  very  generally  published  by  them.  In 
addition,  3,000  copies  of  Press  Bulletin,  Number  One  were 
printed,  and  are  being  distributed  to  grain  growers  through 
the  millers  of  the  state. 

A  copy  of  bulletins,  ** regular  series"  and  press  bulletins, 
also  the  reports  of  the  Agriculturist,  the  Chemist,  and  the 
Veterinarian,  accompany,  and  constitute  a  part  of  this  re- 
port. Respectfully  submitted, 

vS.  M.  EMERY,  Director. 


REPORT    OF    THE 

AGRICULTURIST  AND  BOTANIST, 


AGRICULTURE  AND  BOTANY. 

To  THE  Director: 

Sir:  The  work  of  this  department  up  to  the  beginning 
of  Spring  operations  on  the  farm,  was,  ol  necessity,  mainly 
of  a  preliminary  nature  and  of  course,  gave  no  results  to 
embody  in  a  report. 

During  the  Spring,  field  experiments  were  begun  in  the 
following  lines  and  are  now  in  progress,  but  a  citation  of 
results  must  be  deferred  until  another  year. 

In  the  comparative  variety  tests  there  are  one  hundred 
and  eight  varieties  of  spring  wheat,  forty-nine  of  oats, 
twenty-eight  of  barley,  three  of  spring  rye,  three  of  buck- 
wheat, five  of  com,  three  of  millet,  five  of  peas,  twelve  of 
other  forage  plants  and  twenty-six  of  potatoes. 


142       THE  MONTANA  EXPERIMENT  STATION. 

Preparation  of  the  seed  bed,  methods  of  seeding  and 
cultivation  were  made  a  part  of  the  work. 

The  results  of  these  experiments  will  not  only  give  valu- 
able data  in  comparative  yields  and  qualities  of  varieties, 
but  also  in  manner  of  seeding  and  the  benefits  of  cultivation. 

For  the  small  grain  tests,  a  few  varieties  of  each  kind 
were  furnished,  through  the  kindness  of  Professors  Chilcott 
and  Zavitz,  by  the  Stations  of  South  Dakota,  and  Guelph, 
Ontario,  but  we  are  indebted  to  Professor  Shepperd  of  the 
North  Dakota  Station  for  the  main  part  of  the  collection. 

Experiments  were  also  made  in  the  treatment  of  seed 
wheat  and  oats  for  the  prevention  of  smut  in  the  crop,  in  the 
treatment  of  seed  potatoes  for  the  prevention  of  scab  and  in 
methods  of  destroying  the  potato  bug. 

Two  bulletins  were  issued  by  the  department  during  the 
year.  The  first,  on  smuts  of  w^heat,  oats  and  barley,  dis- 
cusses the  extent  of  damage,  cause  and  nature  of  the  disease, 
and  details  fully  the  most  approved  methods  of  treating  the 
seed  to  secure  a  crop  free  from  smut. 

The  vSecond  bulletin,  on  pig  feeding,  is  preliminary-  to  the 

feeding  experiments  to  be  undertaken  by  the  station.    It 

discusses  briefly  the  general  principles  of  feeding  and  explains 

the  methods  of  making  food  anah-ses.    It  contains  tables  of 

the  average  composition  of  nearW  all  American  feeding  stuffs 

and  of  the  German  feeding  standards  with  explanations  of 

both  and  directions  for  their  use  in  compounding  rations. 

It  also  contains  a  summar3'  of  the  results  of  pig  feeding 

experiments  at  other  stations  that  are  likely  to  be  of  most 

value  to  the  Montana  farmers. 

Respectfully  submitted, 

LUTHER  FOSTER,  Prof,  of  Agr.  and  Botany. 


CHEMICAL    DEPARTMENT. 


REPORT  OF  THE  CHEMIST. 

To  THE  Director: 

Sir:    Below  is  a  statement  of  work  done  to  date.    I 
ai-rived  at  my  post  about  the  middle  of  September  last  and 
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set  about  arranging  a  laboratory  for  analytical  work.  It 
was  nearly  the  end  of  the  year  before  the  apparatus  arrived 
from  the  east,  and,  with  what  time  was  required  to  place 
apparatus  in  position,  making  up  standard  and  other  solu- 
tions, most  of  the  first  half  year  passed  without  much  actual 
analytical  work  being  accomplished. 

Samples  of  water  from  the  cit3''  water  supply,  being  also 
that  used  in  this  laboratory,  and  a  sample  of  water  from 
Whitehall,  were  the  first  materials  analyzed. 

A  series  of  samples  of  water  from  the  tailings  dams  of 
•silver  mills,  and  from  irrigating  ditches  receiving  water  con- 
taining some  of  the  same,  have  been  analyzed,  for  the  pur- 
pose of  obtaining  data  for  an  investigation  of  the  eiFects  of 
such  waters  upon  vegetation .  We  have  now  the  composition 
ol  about  two  dozen  such  waters.  In  a  number  of  valleys  of 
the  state  the  water  used  for  irrigation  contains  considerable 
•of  the  soluble  matter  resulting  from  the  treatment  of  silver 
ores  by  the  chloridizing  pan  amalgamation  process,  and 
there  have  been  numerous  complaints  and  many  law  suits, 
consequent  upon  a  belief  among  the  farmers  that  such  waters 
are  injurious  to  stock  and  vegetation. 

Our  investigation,  it  is  hoped,  will  prove  the  justice  or 
the  falsity  of  such  opinions. 

An  effort  made  in  the  early  spring  to  improve  the  char- 
acter of  milch  cows  b\'  drawing  attention  to  the  varying 
grades  of  milk  given  b3'  different  cows  in  the  same  herd, 
has  resulted  in  arousing  a  considerable  amount  of  interest  on 
the  part  of  the  farmers,  and  a  large  number  of  samples  of 
milk  have  been  analvzed  bv  us  to  aid  them  in  their  efforts  to 
discover  the  relatiA'-e  merits  of  their  cows. 

Twelve  samples  of  claj-s,  marls,  soils  and  limestones  have 
been  analvzed. 

A  number  of  horses  in  transit  over  the  Northern  Pacific 
railway  died  while  passing  through  the  state  and  it  is 
believed  that  some  food  given  them  at  Missoula  was  the 
cause  of  the  trouble.  A  careful  investigation,  looking  to  the 
real  cause  of  the  trouble  ended  in  negative  results  as  far  as 
the  discovery  of  any  poisons  is  concerned. 
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Among  other  miscellaneous  anal3'ses  may  be  mentioned 
four  samples  of  wheat,  one  sample  of  hay,  nine  samples  of 
flour  from  Montana  wheat.  The  last  mentioned  work  gave 
a  very  flattering  return,  and  has  shown  us  that  oUr  cereals 
can  easily  hold  their  place  in  quality  as  thej'  do  in  yield  per 
acre.  Very  truly  yours, 

F.  W.  TRAPHAGEN,  Chemist. 


REPORT  OF  THE  VETERINARIAN. 


VETERINARY  SCIENCE. 

To  THE  Director: 

Sir:  I  beg  to  report  that  in  the  department  of  Veter- 
inary Science  little  has  been  accomplished  up  to  the  present 
date  beyond  preliminary  work. 

Until  the  station  is  equipped  with  suitable  buildings  and 
conveniences  for  experiments  upon  animals,  m\'  work  is  nec- 
essarily limited  almost  wholly  to  field  investigations,  and 
having  arrived  at  the  Station  on  Oct.  24  of  last  year,  after 
inclement  weather  had  begun,  outdoor  work,  in  so  far  as  re- 
liable investigations  were  concerned,  was  practically  impos- 
sible until  the  beginning  of  May. 

My  time  was  well  occupied  also  from  January'  to  March 
inclusive,  in  college  class  work. 

Sufficient  instruments  and  apparatus  for  effective  field 
work  have  been  secured  and  a  first-class  microscope  and  ac- 
cessories have  been  ordered  and  are  now  en  route  from  New- 
York,  making  an  equipment  sufficient  for  the  w^ork,  except 
some  minor  material,  until  it  is  known  what  the  needs  of 
this  locality  will  prove. 

Field  work,  such  as  must  be  done,  for  the  present  ac- 
quaintance and  association  with  stock  owners,  becomes  of 
the  highest  importance  and  1  have  taken  every  opportunity 
practicable  to  become  as  thoroughly  acquainted  with  these 
as  circumstances  would  permit.  The  '^Farmers'  Institutes" 
attended  at  Great  Falls,  Townsend,  Missoula,  Hamilton, 
Bozeman,  and  other  j^oints,  in  addition  to  those  held  during 
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August  and  September  in  the  Gallatin,  Madison  and  Jeffer- 
son valleys,  did  much  to  lay  the  foundation  for  a  good  ac- 
quaintance with  the  class  oi  persons  upon  whose  co-opera- 
tion the  success  of  my  department  must  very  largely  rest. 

I  have  attended  also  during  December,  1893,  the  State 
Teachers'  Association  at  Butte,  and  in  April  the  Stock 
Growers'  Association  at  Miles  City,  both  of  which  did  much 
to  extend  my  acquaintance. 

I  have  contributed,  besides  some  minor  articles,  one  two- 
column  paper  on  *'Spaying"  to  the  Miles  City  Stock  Journal, 
which  has  been  commented  upon  by  some  of  the  leading 
stock  papers  of  the  State. 

Several  contagious  or  epizootic  diseases  of  domestic  ani- 
mals have  been  brought  to  my  attention  and  some  interest- 
ing facts  learned  although  not  sufficient  in  themselves  to  lead 
to  any  valuable  conclusions. 

Early  after  my  arrival  my  attention  was  called  to  two 
animals  suffering  from  the  so  called  **Joke  easy"  or  **Kidney 
disease"  of  horses,  one  of  which  was  prescribed  for  as  nearly 
as  possible  as  indicated  by  the  symptoms.  The  other  died 
without  any  attempt  on  my  part  at  treatment  and  a  post 
mortem  examination  was  held  which  revealed  no  diseased 
changes  to  the  naked  eye. 

Later  a  bad  case  of  the  same  disease  was  seen  at  Three 
Forks  and  still  more  recently  a  well  marked  case  in  this  city, 
the  latter  making  a  prompt  and  very  satisfactory  recovery 
under  treatment. 

I  was  asked  in  April  to  investigate  a  peculiar  disease 
among  pigs  belonging  to  Mr.  T.  D.  Tice  of  Logan.  The 
animals  showed  the  symptoms  of  trichinosis  or  pork  worni 
disease,  but  a  careful  microscopic  examination  of  the  flesli 
of  the  affected  pig  kindly  sent  me  by  Mr.  Tice  failed  to  show 
any  trichina,  the  pigs  kept  at  home  recovered  and  no  satis- 
factory conclusion  was  reached  as  to  the  cause  of  the  disease. 

My  attention  was  called  last  November  to  glanders  among 
horses  and  I  visited  during  last  year  the  farms  of  Mr.  Titus 
and  Moses  Decker,  some  ten  miles  north  of  Bozeman  and 
examined  five  glandered  horses,  all  of  which  were  killed. 
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Recently  arrangements  have  been  made  with  the  Board 
of  Stock  Commissioners  by  which  I  have  been  regularly  com- 
missioned as  a  Deputy  State  Veterinary  Surgeon  for  the 
entire  state.  This  arrangement  affords  a  good  opportunity 
for  seeing  much  of  the  diseases  of  live  stock,  while  so  long  as 
my  work  partakes  of  a  sanitary  or  police  character  it  costs 
the  station  nothing,  and  more  outbreaks  of  diseases  are 
brought  to  my  notice  than  would  otherwise  be  done. 

So  far  my  work  has  been  mainly  with  glanders,  and  I 
have  examined  and  condemned  for  glanders,  two  horses  in 
thecity  of  Bozeman,  six  in  the  Gallatin  valley,  ten  in  the 
Madison  valley,  eight  on  the  divide  between  the  Gallatin  and 
Madison  valle3's,  two  at  Big  Timber,  one  at  Rapids  and  six 
near  Billings,  or  a  total  of  thirty-five  cases,  nearly,  if  not  all, 
of  which  have  been  destroved. 

These  cases  have  furnished  me  with  considerable  mater- 
ial in  the  way  of  observations  and  some  excellent  specimens, 
which  I  have  made  use  of  in  a  bulletin  upon  this  affection. 

Through  the  courtesy  of  Mr.  C.  S.  Hopping,  of  Logan,  I 
was  permitted  to  try  the  effect  of  the  poisonous  product  of 
glanders  known  as  mallein,  on  three  glandered  and  two  ap- 
parently sound  horses,  and  I  have  the  promise  of  further  op- 
portunity in  the  same  line  with  several  farmers  near  this  city. 

These  have  been  fully  reported  in  the  Glanders  bulletin. 

In  my  work  and  association  with  live  stock  owners  I 
have  been  treated  with  uniform  courtesv  and  every  oppor- 
tunity has  been  offered  for  investigations,  and  as  my  ac- 
quaintance extends  there  can  be  no  doubt  but  that  a  great 
abundance  of  material  for  very  interesting  investigations 
will  be  offered  which  will  lead  to  conclusions  of  value  to  the 
stock  interests  of  the  state. 

I  desire  to  take  up  such  diseases  in  the  future  as  may  offer 
the  best  and  most  convenient  material  for  study,  there  being 
so  many  diseases  peculiar  to  this  region,  the  exact  nature  of 
which  is  unknown,  that  there  is  little  choice  between  them. 

Respectfully  submitted, 

W.  L.  WILLIAMS,  V.  S. 
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MEASUREMENT  OF  WATER. 


BY  A.  M.  RYON,  E.  M. 


It  is  only  within  comparatively  few  years  that  public  at- 
tention in  the  IJ.  S.has  been  directed  very  generally  to  the  im- 
portance of  irrigation .  One  reason  for  this  is  that  the  business 
of  mining  has  occupied  the  attention  of  westernei-s  to  the  ex- 
clusion, in  a  great  measure,  of  almost  every  other  industry. 
The  depression  in  the  price  of  silver,  resulting  in  the  closing 
of  almost  every  silver  mine  in  the  country,  and  consequently 
forcing  a  large  portion  of  the  populace  to  seek  work,  has 
naturally  called  attention  to  the  fact  that  the  so  called  arid 
states  along  the  Rocky  mountains  have  other  resources, 
more  lasting  and  of  fully  as  great  importance  to  the  country 
as  its  mines. 

The  eastern  states  with  their  great  armies  of  unemplo\'- 
ed  men  are  interested  in  the  fact  that  water  and  labor  com- 
bined will  change  a  desert  into  a  fertile  country.  Here  is  an 
opportunity  to  convert  an  idle,  restless  and  conscquenth^ 
dangerous  element  into  industrious  and  contented  com- 
munities. 

The  great  commercial  centers  should  be  interested  in  any 
move  which  increases  the  general  prosperity  of  the  country 
at  large ;  for  their  prosperity  depends  upon  the  resources  of 
the  contributing  districts. 
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FERTILIZATION  OF  IRRIGATION  WATER. 

The  impression,  formerly  prevalent,  that  irrigation  is  a 
drawback  rendered  necessary  by  reason  of  a  deficient  rain 
fall,  has  now  largely  given  way,  in  the  light  of  experience,  to 
a  realization  of  the  great  advantages  which  accrue  in  the 
regularity  and  certainty  of  crops,  as  well  as  in  the  fertiliza- 
tion of  the  soils.  The  value  of  irrigation  water  as  a  fertilizer 
has  been  demonstrated  not  only  in  this  country  but  in  the 
older  communities.  The  lands  in  Upper  Egypt  irrigated  by 
the  Nile  are  as  productive  to-day  as  they  were  hundreds  of 
years  ago  and  the  only  fertilizer  used  was  the  silt  deposited 
by  the  river  water.  The  Nile  water  carries  large  quantities 
of  organic  matter  together  with  salts  of  potash  and  phos- 
phoric acid,  all  of  which  serve  a  useful  purpose  in  the 
production  of  crops.  In  Lower  Egypt  where  the  improved 
system,  which  does  not  give  the  slime  from  the  water  time 
to  settle  sufficiently,  has  been  used  during  the  past  fifty 
years  the  soil  has  already  commenced  to  deteriorate.* 

In  the  Madras  Presidency,  India,  Mr.  J.  H.  Latham,  C. 
E.,  states  that  water  from  rivers  are  considered  to  give  25'/v 
more  crop  per  acre  than  water  taken  fi  om  either  wells  or 
tanks.  Mr.  Geo.  Gordon,  C.  E.,  makes  the  same  statement 
regarding  waters  from  other  parts  of  India.  According  to 
Mr.  P.  J.  Flinn,  C.  E.,  the  district  of  Tanjore,  India,  is 
believed  to  produce  as  large  crops  now  as  it  did  2,000  years 
ago  and  this  with  no  other  fertilization  than  that  which 
conies  from  the  irrigation  water. 

The  mineral  constituents  carried  in  solution  also,  as 
might  be  supposed,  have  an  effect  upon  the  crops  irrigated ; 
while  some  of  these  compounds  may  be  injurious  others  are 
certainly  beneficial,  especially  those  coming  through  lime- 
stone districts  and  carrying  sulphate  of  lime  (gypsum). 

Thus  the  Kistnah  river,  India,  which  passes  through  a 
limestone  countr}^  has  a  delta  which  was  found  to  produce 
crops  50  per  cent  larger  than  the  delta  of  the  Godaver\% 
which  passes  through  a  granite  country.    At  Riverside,  Cal., 


*  Mr.  W.  L.  Willo(X'k»,  Irrigation  in  Kgypt. 
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it  IS  estimated  that  20,000  lbs.  of  oranges  require  a  total  of 
42  lbs.  of  potash,  while  the  irrigation  waters  used  supply 
35  lbs. 

Absolutely  barren  ground  may  be  made  productive  by  the 
deposition  of  silt  from  water  used  for  irrigation.  In  France 
gravel  beds  have  been  converted  into  fertile  fields  by  this 
means. 

DUTY  OF  WATER. 

The  amount  of  irrigation  which  a  given  amount  of 
water  will  accomplish  determines  the  duty  of  water. 

We  express  the  duty  of  water  by  stating  the  total  depth 
of  water  applied  to  a  given  tract  during  the  season ;  or  by 
stating  the  number  of  acres  which  a  constant  flow  of  a 
given  quantity  of  water  will  irrigate.  A  flow  of  one  cubic 
foot  (7.48  gallons)  of  water  per  second  will  very  nearly 
cover  two  acres  of  ground  to  a  depth  of  one  foot  in  a  day  of 
24  hours.  As  ordinarily  expressed  we  would  say  that  two 
acres  of  ground  covered  with  water  one  foot  in  depth  would 
require  a  second-foot  of  water  flowing  24  hours,  or  one  half 
a  second-foot  flowing  48  hours. 

It  is  a  matter  of  considerable  importance  to  know  just 
how  much  water  a  given  tract  of  land  will  require,  and 
statistics  on  this  subject  are  eagerly  sought  for  by  irrigation 
canal  projectors,  as  well  as  by  the  consumers,  who  pay  so 
much  per  year  for  a  given  quantity  of  water. 

We  find  a  great  variation  in  the  reported  duties  from 
diflferent  sections,  ranging  from  2,000  acres  for  a  flow  of  one 
cubic  foot  a  second(about  40  Montana  statutory  inches) to  a 
depth  of  200  feet  per  year. 

In  the  United  States  the  usual  answer  to  an  inquiry  con- 
cerning the  amount  of  water  used  for  irrigation  per  acre  is 
that  one  inch  is  required. 

Notwithstanding  these  reports  it  is  well  understood  that 
the  amount  of  water  actuallv  needed  varies  with  manv 
conditions,  including  the  nature  of  the  crop,  method  of  irri- 
gation, character  of  the  soil  and  sub-soil,  amount  of  rainfall. 
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slope  of  the  ground,  climate,  skill  of  the  irrigator  and  the 
number  of  previous  irrigations. 

As  all  the  irrigating  is  not  done  at  precisely  the  same 
time  it  is  important  to  know  how  much  water  will  be  re- 
quired for  a  given  district  during  the  irrigating  season.  It 
is  quite  possible  that  the  rate  of  flow  of  a  stream  may  be 
insufficient  providing  all  irrigators  drawing  water  from  it 
attempt  to  irrigate  at  the  san^  time  and  yet  be  ample  where 
rotation  is  practiced.  Our  system  of  prior  rights  regulates 
this  to  a  certain  extent  but  not  altogether  satisfactorily. 
Ignorance  or  carelessness  on  the  part  of  prior  holders 
may  result  in  working  gross  injustice  by  causing  the  waste 
of  water  which  would  otherwise  be  used  by  subsequent  ap- 
propriators. 

The  rate  of  flow  (expressed  in  inches  or  otherwise)  does 
not  afford  suflScient  data  for  us  to  compute  the  duty  of 
water.  We  should  know  the  length  and  frequency  of  the 
periods  during  which  this  flow  is  maintained. 

No  one  would  think  of  irrigating  an  acre  with  one  inch 
of  water,  for  it  could  not  be  spread  over  the  ground ;  fift:3^ 
inches  would  be  ample  yet  it  would  be  used  only  about  Vio 
of  the  time  required  for  fifty  acres.  In  many  cases  fifty  inches 
would  be  sufficient  for  100  acres,  yet  it  would  have  to  be 
used  for  a  longer  period ;  by  this  time,  in  some  localities,  it 
may  be  necessary  to  commence  another  irrigation.  This 
would  determine  V2  an  inch  per  acre  during  the  irrigating 
season  as  the  flow  necessary  in  that  portion  of  the  country. 

Prof.  L.  G.  Carpenter,  of  Fort  Collins,  Colo.,  gives  the 
following  results  of  experiments  carried  on  under  his  super- 
vision. On  the  farm  of  Hon.  J.  S.  McClelland, 
the  slope  of  the  land  averaged  about  fifty  feet 
per  mile.  The  soil  consisted  of  sand  and  clay  with 
more  or  less  humus.  Various  crops  required  during  the 
season  the  following  depths  of  water,  expressed  in  feet. 

Alfalfa,  plat  E,  1.67;  Alfalfa,  plat  AB,  1.85; 
Clover,  2.28;  Wheat,  plat  G,  2.20;  Wheat,  plat  C,  1.72: 
Oats,  2.53. 
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The  depths  given  above  included  the  rainfall  which 
amounted  to  about  0.83  of  a  foot. 

On  the  wheat  farm  of  Mr.  W.  Campbell,  where  the  soil 
consisted  of  sandy  loam,  water  to  the  depth  of  1.1  ft.  was 
applied  in  two  irrigations ;  three  inches  of  rain  fell  during 
this  period. 

In  1891  native  hay  on  the  field  of  W.  M.  Post  required 
about  2.9  feet  depth  of  water,  one  crop  being  cut.  In  1892,  a 
depth  of  2.4  feet  was  required. 

THE  MEASUREHENT  OF  WATER  FOR  IRRIGATION    PURPOSES. 

In  the  arid  region  there  are  approximately  5600  square 
miles  of  irrigated  area,  or  about  one-half  of  one  per  cent  of 
the  total  area  of  the  lands  within  the  states  and  territories 
of  the  United  States  where  irrigation  is  commonly  practiced.* 
Of  the  remaining  land,  amounting  to  about  1,400,000 
square  miles,  1,062,000  square  miles,  approximately,  is 
classed  as  desert  and  pasture  land.  The  proportion  of  this 
enormous  tract  which  can  be  irrigated  will  depend  to  a  great 
extent  upon  the  thoroughness  with  which  we  utilize  our 
water  supply.  Careless  measurement  frequently  results  in 
waste  and  injustice. 

Lands  which  might  be  valuable  if  irrigated  are  frequently 
rendered  of  little  or  no  value  by  reason  of  the  extravagant  use 
of  water  by  those  holding  prior  rights.  Accurate  and  reliable 
systems  of  measurement  will  do  much  toward  remedying 
this  evil.  Recording  devices  would  give  us  data  concerning 
the  dutv  of  water,  which  would  be  of  inestimable  value  in 
aiding  us  to  equitably  apportion  our  water  and  would  serve 
as  checks  upon  waste  by  extravagance  or  carelessness. 

The  method  of  measuring  water  in  Montana  authorized 
by  law^  is  given  as  follows : 

EXTRACT  FROM  COMPILED  STATUTES  OF  MONTANA. 

"Sec.  1262.  The  measurement  of  water  appropriated 
under  this  chapter  shall  be  conducted  in  the  following 
manner^'    A  box  or  flume  shall  be  constructed  with  a  head- 

■  I  ^  ■    —  -  ■  _  _     _  _    ■  ■_  _  ■         ■ 

•  Report  oil  Agriculture  by  Irrigation,  F.  H.  Newell. 
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gate  placed  so  as  to  leave  an  opening  of  six  inches  between 
the  bottom  of  the  box  or  flume  and  the  lower  edge  of  the 
head-gate,  with  a  slide  to  enter  at  one  side  of  and  of  sufli- 
cient  width  to  close  the  opening  left  by  the  head-gate,  by 
means  of  which  the  dimensions  of  the  opening  are  to  be 
adjusted.  The  box  or  flume  shall  be  placed  level,  and  so 
arranged  that  the  stream  in  passing  through  the  aperture 
is  not  obstructed  by  backwater,  or  an  edd3'  below  the  gate; 
but  before  entering  the  opening  to  be  measured  the  stream 
shall  be  brought  to  an  eddy,  and  shall  stand  three  inches  on 
the  head-gate  and  above  the  opening.  The  number  of  square 
inches  contained  in  the  opening  shall  be  the  measure  of  inches 
of  water.*' 

The  Montana  Societ\'  of  Civil  Engineers,  recognizing  the 
ambiguity  and  imperfection  of  this  statute,  endeavored  to 
have  it  repealed  and  another  law  substituted  w^hich  would 
establish  a  definite  quantity  of  water  flowing  past  a  point 
in  a  given  time  as  the  standard.  They  proposed  that  a 
cubic  foot  (7.48  gallons)  of  water  flowing  in  one  second  of 
time  be  taken  as  the  standard,  and  that  where  water  rights 
had  been  decreed  bv  the  courts  40  statutorv  inches  should 
be  considered  equivalent  to  one  cubic  foot  per  second ;  that 
is  a  stream  flowing  40  statutory  inches  would  fill  a  vessel  of 
one  cubic  foot  capacity  in  one  second  of  time. 

The  objections  urged  by  the  engineers  against  the  present 
statute  are : 

1.  It  is  ambiguous  and  no  accepted  definition  of  the 
word  eddy  will  apply  and  make  sense. 

2.  The  velocity  of  the  approaching  w^ater  may  be 
varied.  If  the  head  or  height  of  the  surface  of  the  water  be 
measured  directly  over  the  opening  and  a  box  or  flume  be 
used  there  must  be  a  certain  velocity  of  approach,  even  if  one 
end  of  the  box  or  flume  tap  a  lake.  This  velocity  may  be 
altered  by  altering  the  width  of  the  box  or  flume  in  compari- 
son with  the  width  of  the  opening  through  \vhich  the  water 
flows. 

For  example,  if  we  have  an  opening  through  w' ftch  100 
statutory  inches  are  flowing  (6"X16%")  withabox  or  flume 
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of  the  same  width,  a  very  usual  condition,  we  would  have 
the  area  of  the  approaching  stream  (6"'  +  3'')  X  16%"=150 
square  inches ;  100  statutory."  inches  are  equal  to  about  2Vi 
cubic  feet  per  second,  so  that  the  water  would  approach  the 
opening  with  a  velocity  of  about  2.4  feet  per  second.  The 
theoretical  value  of  the  extra  head  due  to  this  velocity  would 
be  something  over  one  inch,  making  the  actual  head  over  the 
center  of  the  opening  something  over  7  in.  instead  of  6  in.  as 
apparently  contemplated  by  the  law.  This  would  increase 
the  flow  about  6.4  per  cent.  This  amount  may  be  increased 
by  bringing  the  water  to  the  box  with  an  initial  velocity 
greater  than  2.4  feet  per  second,  or  maj'  be  decreased  by 
widening  the  box. 

3.  All  measurements  of  head  taken  directly  over  the 
opening  must  necessarily  be  approximations,  this  may  be  a 
matter  of  little  or  no  importance  for  small  openings,  but  as 
the  difficulty  in  securing  accurate  measurements  increases 
with  the  size  of  the  opening  there  eventually  comes  a  limit 
beyond  which  it  is  practically  impossible  to  measure  water 
bj'  the  statutory  inch  box  with  any  pretention  to  accuracy. 
On  an  opening  of  42'' wide  the  surface  of  the  water  over 
the  middle  of  the  opening  is  depressed  about  %  of  an  inch 
below  the  surface  at  the  end  of  the  opening. 

The  proper  place  to  measure  the  head  or  height  of  the 
surface  of  the  water  above  the  opening  is  several  feet  up 
stream  from  the  opening,  but  the  statute  does  not  provide 
for  this. 

4.  The  statute  does  not  provide  for  the  measurement  of 
large  bodies  of  water.  A  stream  carrying  6,000  inches  of 
water  would  under  the  statute  require  a  box  1,000  inches  or 
about  84  feet  wide. 

5.  The  Montana  statutory  inch  does  not  represent  any 
particular  quantity  of  water,  but  a  quantity  increasing  with 
the  number  of  inches  flowing.  For  instance,  where  the  flow 
is  36  statutory'  inches,  one  inch  is  equivalent  to  about 
15108  gallons ;  but  where  180  statutory  inches  are  flowing, 
one  inch  is  equivalent  to  about  15964  gallons. 

So  long  as  we  have  plenty  of  water  and  there  is  no  occa- 
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sion  for  economizing  it  must  be  confessed  that  a  miner's  inch 
box  or  a  statutory  inch  box  gives  satisfactory  results.  The 
fact  that  it  was  so  generally  adopted  throughout  the  west 
during  the  early  days  and  has  survived  in  so  many  commu- 
nities to  the  present  time  are  strong  recommendations  that 
it  has  filled  the  needs  of  the  past  and  if  the  west  of  the  future 
is  to  be  identical  with  the  west  of  the  past  it  would  seem 
hardly  worth  while  to  attempt  to  improve  our  method  of 
water  measurement. 

It  is  generally  conceded  that  the  strong  point  of  all 
measurements  on  the  **mch"  basis  lies  in  the  fact  that  no 
formulas  or  tables  are  necessarv  and  this  was  formerlv  a 
matter  of  paramount  importance  in  the  west.  To-day  any 
body  can  obtain  weir  tables  free  of  cost  from  our  Experi- 
ment Station  and  determine  with  a  considerable  degree  of 
accuracy  and  no  more  expense  than  before,  the  actual 
amount  of  water  flowing.  Further,  if  desired,  this  amount 
can  be,  at  a  slight  expense,  permanently  recorded  by  the 
use  of  an  automatic  registering  device.  It  is  not 
easy  to  estimate  the  number  of  quarrels  between  neighbors 
taking  water  from  the  same  stream  or  canal,  which  would  be 
effectually  prevented  by  the  use  of  these  simple  little 
witnesses; 

WEIR  MEASUREMENTS. 

No  device  for  measuring  flowing  water  has  been  more 
thoroughly  tested  and  experimented  with  than  the  weir, 
with  the  result  that  notwithstanding  the  simplicity  of  its 
construction  we  may,  by  taking  proper  precautions,  deter- 
mine the  amount  of  water  flowing  over  it  within  one  per 
cent. 

An  idea  of  a  measuring  weir  may  be  obtained  from  the 
insert  giving  views  of  the  Cippoletti  weir.  The  opening  in 
this  case  is  trapezoidal  in  shape,  although  a  rectangular 
shaped  opening  has  been  perhaps  more  frequently  used. 
Where  very  accurate  measurements  are  desired,  the  edges  of 
the  opening  are  made  of  comparatively  thin  metal.  The 
amount  of  water  passing  through  the  opening  is  determined 
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by  considering  the  length  of  the  weir  and  the  height  of  the 
surface  of  the  water  over  the  horizontal  edge  or  crest  of  the 
weir  as  it  is  usually  called. 

In  flowing  through  the  opening  the  stream  is  contracted 
by  reason  of  the  water  passing  around  the  edges,  so  that 
the  area  of  its  cross  section  is  smaller  than  the  area  of  the 
ox)ening.  With  a  given  opening  if  we  widen  and  deepen  the 
box  to  certain  limits  we  increase  the  contraction;  bevond 
these  limits  no  further  contraction  is  observed.  The  con- 
traction is  then  said  to  be  completct  otherwise  it  is  said  to 
be  partial.  Where  the  bottom  and  sides  of  the  box  coincide 
with  the  edges  of  the  weir  the  contraction  is  said  to  be  sup- 
pressed. The  suppression  may  also  be  accomplished  in 
other  ways.  For  convenience  a  weir  with  complete  or 
nearly  complete  contraction  is  usually  used. 

The  extensive  experiments  made  at  Lowell,  by  Mr.  J.  B. 
Francis,  with  every  facility  for  obtaining  accurate  results, 
have  demonstrated  that  for  complete  end  contractions  where 
the  depths  over  the  crest  of  the  weir  are  from  three  to 
twenty-four  inches  and  the  length  is  not  less  than  three 
times  the  depth,  the  effective  length  of  the  weir  is  reduced 
an  amount  equal  to  0.1  of  the  depth  of  water  over  the 
crest  for  each  end  contraction.  Where  there  are  two 
end  contractions  the  eflFective  length  is  reduced  twice 
this  amount.  Francis*  formula  for  the  discharge  of 
water  through  rectangular  weirs  with  tw^o  end  and  a  bot- 
tom contraction  is  Q=3.33  (1—0.2  h)  h%  in  which  Q=the 
discharge  in  cubic  feet  per  second;  l=the  length  of  the  weir 
in  feet;  h=the  head  or  height  of  the  surface  of  the  water  over 
the  crest,  expressed  in  feet  and  measured  at  a  point  several 
feet  up  stream  from  the  crest. 

The  Italian  government  in  making  a  concession  of  water 
for  the  Villoresi  Canala,  a  canal  irrigating  about  125,000 
acres,  required  the  compan3'  to  propose  an  accurate  meas- 
uring device  or  module  which  should  be  based  on  the  theory 
of  the  weir.  The  company  employed  Cesare  Cippoletti,  an 
able  engineer,  to  take  charge  of  the  work.  Using  Francis* 
formula  as  a  basis,  Cippoletti  attempted  to  slope  the  sides 
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of  the  opening  90  as  to  give  an  increased  discharge  sufficient 
to  compensate  for  the  loss  due  to  contraction.  The  slope  he 
determined  upon  was  1  in  4. 


THE  CIPPOLETTI  MEASURING  WEIR. 

Messrs.  Flinn  and  Dyer  of  the  Worcester  Polytechnic 
school,  under  the  direction  of  Mr.  Clemens  Herschel,  a 
prominent  hydraulic  engineer  of  New  York  City,  undertook 
a  series  of  careful  experiments  at  Holyoke,  Mass.,  to  test  the 
accuracy  of  the  Cippoletti  weir.  Their  experiments  showed 
that  an  eiTor  of  but  slightly  over  Vs  percent  might  be  looked 
for,  providing  proper  precautions  are  taken.*  The  use  of  this 
weir  simplilies  the  formula  used  by  Francis  so  that  the  dis- 
charge may  be  expressed  as  follows:  Q— 3.3%  1  h%  in  which 
Q=the  discharge  in  cubic  feet  per  second;  l^^the  length  of  the 
crest  of  the  weir  in  feet;  h^^the  head  expressed  in  feet  and 
measured  several  feet  up  stream  from  the  crest. 

•  Tiaiin.  Am.  Soo.  I'ivil  Kiigluwnt,  July,  '94.. 
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ADVANTAGES  OF  THE  WEIR. 

The  principal  advantages  of  the  weir  are: 

1.  Cheapness. 

2.  Ease  of  construction. 

3.  Accuracy. 

4.  It  gives  the  amount  of  water  flowing  in  terms  under- 
stood the  world  over. 

5.  It  is  not  necessary  to  maintain  a  constant  head  in 
order  to  determine  the  amount  of  water  passing. 

6.  A  small  loss  of  head,  (smaller  than  the  Montana 
Statutory  inch). 

The  only  drawback  which  can  be  urged  against  its 
use  is  that  it  requires  those  who  cannot  solve  an  algebraic 
formula  to  use  a  table.  A  very  slight  disadvantage  to  place 
against  so  many  advantages. 

PRECAUTIONS  NECESSARY  FOR  ACCURATE  RESULTS. 

In  order  to  obtain  reliable  results  in  measuring  water  by 
any  method  certain  precautions  are  necessary.  Where  water 
is  measured  with  a  weir  the  following  conditions  ought  to 
be  observed: 

1.  The  approaching  channel  should  be  straight  and 
of  uniform  cross  section,  in  order  to  avoid  eddies  and  cross 
currents,  for  a  distance  of  not  less  than  fifty  feet  before 
reaching  the  weir. 

2.  The  formulas  assume  that  the  contraction  of  the  es- 
caping jet  of  water  is  complete.  In  order  to  obtain  complete 
contraction,  the  weir  opening  should  lie  in  a  plane  perpen- 
dicular to  the  direction  of  the  stream;  the  edges  should  be 
sharp  on  the  up  stream  side  and  cut  away  on  the  down 
stream  side  so  as  to  reduce  the  thickness  of  the  edge  in  contact 
with  the  water.  To  insure  perfect  contraction  the  distance 
from  the  crest  of  the  weir  to*  the  bottom  of  the  channel 
should  be  three  times  the  depth  of  the  water  flowing  over 
the  crest;  the  crest  should  also  be  a  distance  from  either  side 
of  the  channel  equal  to  twice  the  depth  of  water  flowing 
over  it.  The  length  of  the  weir  should  be  three  times  the 
depth  of  the  water  over  the  crest  and  the  depth  of  water 
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on  the  crest  should  not  be  less  than  three  inches. 

3.  In  order  that  the  velocity  of  the  approaching  water 
may  not  be  excessive,  the  channel  should  have  an  area  of 
cross  section  of  at  least  seven  times  the  area  of  the  weir 
opening. 

4.  Air  should  be  allowed  to  circulate  freely  around  the 
escaping  body  of  water  where  it  leaves  the  weir.  The  flow 
is  not  impeded  by  raising  the  surface  of  the  water  in  the 
lower  channel,  providing  it  is  not  raised  so  far  as  to  prevent 
free  circulation  of  air  entirely  around  the  water  issuing  from 
the  weir  opening. 

5.  The  height  of  the  surface  of  the  water  over  the  weir 
should  be  measured  at  a  point  several  feet  up  stream  from 
the  w^eir,  so  as  to  avoid  the  depression  which  occurs  as  the 
water  approaches  the  opening. 

The  effect  of  decreasing  the  distance  of  the  sides  of  the  weir 
from  the  crest  is  to  increase  the  discharge.  Ordinarily'  if  this  dis- 
tance is  decreased  to  a  distance  equal  to  the  depth  of  water 
over  the  crest,  the  increased  discharge  amounts  to  about  1 
per  cent.  A  further  decrease  in  the  distance  increases  the 
discharge  more  rapidly.  When  the  bottom  of  the  channel  is 
below  the  crest  a  distance  equal  to  twice  the  depth  of  water 
on  the  crest,  the  increase  flow  ordinarily  amounts  to  about 
1  per  cent. 

Experimenters  have  not  agreed  entirely  as  to  the  proper 
allowance  to  be  made  as  a  correction  for  the  velocity  of  the 
approaching  water.  In  ordinary  practice  if  the  approach- 
ing channel  has  an  area  of  cross  section  not  less  than  seven 
times  the  area  of  the  weir  opening,  the  error  is  not  sufficient 
to  be  worthy  of  consideration. 

Where  it  is  desired  to  take  the  velocity  of  approach  into 
account,  it  may  be  done  as  follows: 

Let  Q=the  approximate  amount  of  water  flowing,  found 
from  the  table  by  using  the  measured  head  H  and  expressed 
in  feet  per  second;  A:=the  area  of  cross  section  of  the 
channel,  expressed  in  square  feet;  then  ^=V=:the  velocity  of 
the  approaching  water  expressed  in  cubic  feet  per  second; 
let  h  be  the  head,  expressed  in  feet,  due  to  the  velocity  of  ap- 
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proach,  then:  h=1.4  (V2~64.4).  This  will  give  a  close  ap- 
proximation. The  value  of  h  should  be  added  to  H  and  the 
discharge  due  to  h+H,  found  from  the  tables.  The  factor 
64.4  decreases  slightly  as  the  elevation  and  latitude  increase, 
becoming  64.29  for  an  altitude  of  5,000  feet  in  latitude  40°. 
The  table  appended  is  taken  from  the  excellent  bulletin 
compiled  by  Prof.  L.  G.  Carpenter  of  the  Colorado  Agricul- 
tural Experiment  Station. 

TABLE  I. 

Discharge  Over  Rectangular  Weirs,  With  and  Without  Contraction. 

Formula,    D=3V3    (1— .2    H)    H^- 

P'or  PrecaiitloiiH  t<ee  Pafce  160. 


Depth,  H,  of 

Water  on  ('rent 

Measur^Ml  in 

Still  Water 


In  ; 

Inches  I 

(>.«  I 
0.9 

~i.2  r 

1.5 

1.8  ' 

2.1  I 


In 
Feet 

.050 
.07- 

.1" 
.12o 
.15 
.175 


DISCHARGE  IN  ('11510  FEKT  PER  SECOND. 


With  Two  ('omplete  Coxtr actions. 


1  Foot 
Loi  g 

.03(59 
XHV7  1 

.1(M« 
.  1 138 
.1879 
.2:  J  55 


1 '..  Fetrt 
Lo!  p 


2  Feet 


3  Feet 
Lo!  w; 


5F. 
Lo. 


10  Fett 
Lor.K 


( 'orrection  to  be  .\  d- 

DED  to  each  ot  the 

I  preceding    to  give 

I  di.schaive  with  no 

contrnctlo:). 


.0201) 
.0550 
.1015 

7l5H«J 
.2175 
.2847 
.1:5375 


.021)7 

!  .07-13 

.1350 

"  T2«T8  7 

.2912 

'  .381(> 

I  .1795 


.04O0 
.111(5 
.2040 

.31:52 
.4385' 
.5753 1 
.7235 


.007/ 
.1863' 
.3410 


.5240 
.7332, 
.9027 
1.2115 


.133(» 
.3716 

.0J^3CV 

VMoY9 
1.1095 
1.9312 
2.4315 


.0000 

.oor>4 

.0010 


.0021 
.0037 
.0058 
.0085 


2,4 

2.7 
3.0 

:h.3 
'YA~ 

3.9 
4.2 
1.5 

4.8 
5.1 
5.1 

5.7 

(Va) 

0.3 
0.0 
0.9 


.2 

.225 
.25 
.275 


.325 

.35 

.375 

^4 

.425 
.45 
.475 

.5 

.55 
.575 


,,  .2S()1 

J  .3399 

.3959 

i!  .  15J3 

".51  19 
1,  .5775 
'i  .0420 

'  .7079 


7.2 


7.8 

sT 

8.7 
9.n 
9.3 

9.0" 
9,9 
10.2 
10.5 


.0 

.025 
.05 
.075 


.  .4352 
I  .5177 
I  .r,012 
J)94(5^ 

'  .7S8.S 
,  .8803 
;  .9871 
I  1.0909 

i  i.l974 
1.3070 

I  1.4189 
1.5.J33 

iJi^lOO 

1.7089 

,,  1.8890 

2.0129 

2'.TlJ78 

2.2010 

'  2.3929 

'  2.5>31 


.5813  1 
.6950  I 
.8120 
.9350 

I  1 .0027  I 
1.1952 
1.3321 

:  1  4732^ 

1701891 
il.7<580 
1.9221  1 
2.0790  1 

'  2.2392^ 

'2.4029, 

I  2.5098 

2.7395 


2.9123 
3.0881 
3.2005 
3.3  178 


.  / 

.725 
.75 
J75 

.8 

.825 
.85 
.875 


'3.0313 
,3.8170 


4.0052 
4.1901 

1.3888 
1.5833 
1.7800 
1.9792 


.8824 
1.0513. 
1.2293, 
1.1157 

1.01O4 
1.8129 
2.0223 
2.23351 

2.4023T 
2.0920 
2.9280 
3.1708 

374T77I 
3.0709 
3.92951 
1.^928 

1.4014 
4.7351 
5.0133 
5.2900 

~5.583ir 
5.8747 
0.1 702  1 
0.4704  I 

T5.7V34  T 

7.0810  1 
7.3929  1 
7.7075,1 


1.1787 
1.7027 
2.0227 
2.3771 

2.7059 
3.04821 
3.1032, 
3.7091 

4.^^85 
4.5100 
4.9J01 
5.3523 

5.771^ 
0.2O09, 
0.0189, 
7.0995 

7.559tr 
8.029 1 
8.50(591 
8.9930i 


2.90iiO 
2.5412 
4.1402 

1.7803 

5. 14  12 
6.1303 
0.8587, 
7.5970 

"  8.3rri5 

9.1565 

9.9775 

10.8094' 

11.0072: 
12.54091 
13.4174  I 
1  1.30(58 

T5.3()52i 
10.2041 
17.2M)9' 
1 8.235-1  n 


.0119 

.0100 

.0208 

^>204 

.0.328 

.04^  H 

.048:; 
.0571 

.0075 
.0785 
.0900 
.1037^ 

J  178 
.1331 
.1196 

ivy 

.1859" 
.2050 
.227J 
.249« 


9.4.M52 
9.9l)00! 
0.5007 1 
1.0190 

1.5444" 
2.0769 
2.6109 
3.1  (Ml 


19.2i97 
20.2796 
21.32(52 
22.3895, 

23.4704' 
24.5(i59 
25.6779 
26.8056 


.2733 
.2984 
.3248 
.3524 


.381(> 
.4121 

.4440 
.4775 
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Discharse  Over  RecUnflrular  Welre.— Conchided. 

rk-ptii,  H.  of 

Water  on  Oesl 

DlSCHARCiE  IN  (TBIC  FKKT  PER  SE(X)Nl). 

Measured  in 
Still  Water 

Wmi  Two  Complete  Contuactions. 

'i 

( 'orrkH*tion  to  he  ad- 
ded to  eat'h  of  the 
preceding   to  give 
diHfharge  with  no 
contraction. 

In           In 
In<*h«<     Feet 

1 1  Foot    IS  Feet    2  Feet  I  3  Feet 
1   Long  ;    Long    i   Long  1    Long 

5  Feet     10  Feet    , 
Long        Long     > 

^'A  7177      'JT  Q.I7T 

10.8        .9 

1 

8  02r>7 

5123 

n  .  1         .925 

, 1 1 

8.35091 14.2839'    20.1164' 
8.6731 1 14.84011   30.2780  1 
9.0012;15.4192.  31.4652 

9.3333  16.0000    32.6667 

9.0685  16.58ei9    33.8829 

10.0058  17.1789    35.1109 

10.3471,17.7777    36.3552 

10.6007118.38251   37.6100 
11.0376il8.9920i   38.8801 
11.3866,19.6080    40.1625 
11.7388  20.2208     11.4573 

12.0935  20.8569     42.7664, 
12.4507  21.4893     44.080(5 
12.81 09|22. 1270    45.4201 
13.1 733 1 22.771 3 ,    46.7653 ! 

13.5375  23.4180     18.1221 
13.9067|24.0727     49.4027 
14.2740  24.7308    50.8733 
1 1.6450125.3946,   52.2671 

5486 

11.1,     .95 

1 1 

5864 

11.7   1     .975 

' 

.6258 

12.0      1.0 

1 

66(J7 

12.«      1.025 
12.«      1.05 

1 1 1 

1 1 

.7091 
7531 

12.9    ,  1.075 

t 1 

.7988 



1«.2    .  1.1 



0849 

18.5      1.125 

:::::::::::i::::;::;;:;::i:.":;:;::':: 

8949 

IH.H      1.150 

1 

.9155 

14.1       1.175 

1 

9977 



14.4      1.2 

1 1 

1  0516 

14.7      1.225 

, 1 1 

1  1073 

15.0      1.25 

t 1 

1  1646 

15.3    1  1.275 

^•. ••.■••••■« 

1.2237 

15.«      1.3 
15.9      1.325 

, 1 

1 

1.2846 
1  3473 

1*>.2   .  1.33 

1.4117 

1R.5      1.375 

1 

1  4780 

UkS       1.4 

1 

1 

26.06251    53.6710 
26.7355    55.0870 
27.J127|    56.51321 1 
28.0950    57.9515 

1.54(iO 

17.1    ,  1.425 

1 : 1 1 

1  6160 

17.4       1.45 

] ' , 

1  6878 

17. 7      1.475 

1 ' 

1.7615 

18.0      1.5 

28.7814     59.3990 
29.4729     60.860 1 
30.1680,    62.33001 
30.8681     63.8116, 

31.5717    65.3022 
32.28(»9     66.8019  ' 
32.90351   68.3175  , 
33.7093     69  8393 

1.8371 

IH.a    •  1.525 

!                                                   1 

1  9146 

1K.«      1.55 

1 1 1 

1  9940 

1K.9       1.575 

2  0754 



19.2       1.6 

1                          1 

2  1588 

19.0    1  1.625 

2.2441 

19.«     i.«r>o 

1 1 

2.3314 

2»M     '  1.075 

: 1 '.          .  1 

2  4207 

"2i>.4       1.7 

' [ 1 ' 

31.4299.    71.3710 
35.15161    72.0]46t 
35.88271    74.4672 
36.6151!    76.0286 

37.3510     77.6(>02  , 
38.0909     79.1814  i 
38.8346,    80.7726,' 
39  581 2 1    82,371 7 1 

2.5121 

20.7      1.725 

2.6054 

21 .0      1.750 
21.3      1.775 

1 1 

2.7009 
2.7984 

21.«       l.« 
21.9       1.K25 

1                           I 

1 ' 

2.8979 
2.9996 

22.2       1.85 

! 1.... 

3.1031 

22  o      1.875 

1 I     .                 1.          . 

3  2093 

'22.H      1.0 

1 1 

40.33211    83.9816  i 

3.3173 

23.1       1.925 





41.0860    85.60051 
41.8436    87.22711 
1^2.6045     88.8635 

3.4276 

23   »    '  1.95 

3.5399 

23.7      1,975 

3.6545 

21.         2.0 
27.         2.25 

i 

;43.3695     90.5061  , 

107  44      ;. 

3.771 
"    5.06 

:JO.        2.5<.> 

. 

125.17       1 

6.59 

30.        3.(M) 

162  81 

10.30 
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TABLE  II. 

Discharge  over  Cippolettl's  Trmpezoldal  Weir  of  Various  Len8:ths  and  with  Various 

Depths,  and  Over  Rectangrular  Weirs  Without  Side  Contraction. 

Formula,  D=3.3%  L  H%- 

For  Precautions  see  Page  100. 


Depth  of  Water 
on  Crest. 


DISCHARGE  IN  CUBIC  FEET  PER  SECOND. 


In 
Inches, 


In 
Feet. 


1  Foot 
Long. 


I'y  Feet 
I^ong. 


.8 

.6 

^9 

1.2 
1.5 
1.8 
2.1 


.025 

.05 

.075 

.10 
.125 
.15 
.175 


.0185 
.0367 
.0890 

.1064 
.1488 
.1956 
.2464 


.0202 
.0566 
.1035 

.1596 
.2232 
.2934 
.3697 


2  Feet 
Long. 

~  ^0269 
.0754 
.^380 

.2128 
.2976 
.3912 
.4929 


3  Feet 
Long, 

.0404 
.1131 
.2071 


.3192 
.4464 
.5868 
.7393 


4  Feet 
Long. 

.05:^9 
.1508 
.2761 


5  Feet 
TiOng. 

.0673 
.1885 
.3451 


.4256   , 
.5952   I 
.7824 
.9858 


.5319 

.7440 

.9780 

1.2322 


10  Feet 
Long. 

71347 

.3771 

^6902 

1.0639 
1.4881 
1.9560 
2.4644 


2.4 
2.7 
3.a 
3.3 

.20   1 
.225 
.25   1 
.275  1 

i  .3010 

.3592 

1  .4208 

1  .4855 

.5531 

.6238 

;  .6972 

1  .7730 

.4515 
.5388 
.6312 
.7282 

.6020 
.7184 
.8417 
.9709 

.9029 
1.0777 
1.2625 
1.1564 

1.6594  " 
1.8715 
2.0917 
2.3190 

1.2039 
1.4369 
1.6833 
1.9419 

2.2126 
2.4954 
2.7890 
3.0920 

1 .5049 
1.7961 
2.1041 
2.4273 

3.0098 
3.5922 
4.2083 

4.8547 

8.6 
3.9 
4.2 
4.5 

.30 
.825 
.85 
.375 

.8297 

.9358 

1.0459 

1.1595 

1.1063 
1.2477 
1.3945 
1.5460 

2.7657 
3.1192 
3.4862 
3.8649 

5.5;n4 

6.2384 
6.9724 
7.7299 

4.8 

.40 
.425 
.45 
.475 

1.2777 
1.3993 
1.5246 
1.6534 

1.7834" 
1.9210 
2.0599 
2.2018 

1.7035 
1.8658 
2.0328 
2,2045 

2.5553 
2.7987 
3.0192 
3.3067 

3.4071 
3.7316 
4.0656 
4.4089 

4.7610 
5.1227 
5.4930 
5.8715 

4.2588 
4.6645 
5.0820 
5.5112 

5.9512 
6.4034 
6.8663 
7.3393 

8  5177 

5.1 

9  3290 

5.4 
5.7 

10.1640 
11  0225 



6.0 

.50 
.525 
.55 
.575 

2.3805 
2.5614 
2.7465 
2.9357 

3.5708 
3.8120 
4.1198 
4.4036 

1 1 .9025 

6.3 

12  806S 

6.6 

13  7326 

6.9 

14.6787 

7.2 
7.5 
7.8 
8.1 


.60 
.625 
.65 
.675 


2.3472 
2.4955 
2.6462 
2  8007 


3.1293 
3.3274 
3.5283 
3.7343 


4.6939 
4.9911 
5.2924 
5.6014 


6.2585 
6.6548 
7.0565 
7.4686 


7.8231 
8.3185 

8  8206 

9  3357 


15.6463 
16.6370 
17.6413 
18.6715 


l)ei)th  of  Water  on 
Cr.»8t. 


DISCH.\R(}E  IN  Cl'BlC  FEET  PER  SECOND. 


In 
Inches. 


8.4 
8.7 
9  0 
9^ 

9.6' 
9.9 
10.2 
10.5 


10.8 
11.1 
11.4 
11.7 


In 
Feet. 

.7 
.725 
.75 
.775 


.80 
.825 
.85 
.875 


2  Feet 
Long. 

3.943T 
4.1565 
4  3738 
4.5942 

4.81 77 
5.0453 


I  3  Feet  1 
I    Long.    I 

I  5.91561 
I  6.2347 1 
i  6.5599 , 
i_6.8912 

,     7.2265 
7.5679 ' 
I     7.9154' 
'     8,26691 


4  Feet 
Long 


7.8874 
8.2930 
8.7466 
9.1883 


.90 
.925 
.95 
975 


12.0 

i   l.OO 

12.3 

1  025 

12.6 

1   1.05 

12.9 

,   1 .075 

13.2 

1.10 

13  5 

1   1.125 

13.8 

1   1.150 

14.1 

1   1.175 

,  8.6234: 

'  8.9850! 

I  9.3516 

'  9.7233 


9.6354 
10.0906 
10.5538 
11.0225 

ri.497S 
ll,980O 
12.4688 
12  964  4 


14.4 
14.7 
15.0 
1 5.3 


1  2 
1.225 
1.25 
1 .275 


10.1000 
10.4808 
1 0  8666 
11.2575 

11  6524 
12.0513 
1  2. 1553 

12  8644 

13,2764 
13.6936 
14.1148 
14.5410 

5  Feet 
Long 


9  8593 
10.3912 
10.9332 
11  4854 


12.0442 
12.6132 
13.1923 
13.7781 


13.5667 
13.9744 
14.4888 
J  5^01 00 

l5JVV(i5i    19.4206 
16.0(58  4  I    20.0855 


14.3723 
14  9749 
15.5860 
16.2054 

16  8333 
17.4679 
18  1110 
18.7624 


7  F'eet 
Long 


10  Feet 
Long 


13.8030 
14.5457 
15.3065 
16.0796 


16  8619 
17.6585 
18.4692 
19.2893 


19  7186 

20  7824 
21.8675 
22.9708 

24.0885 
25.2264 
26.3846 
27.5562 


2«).1212 
20.9649 
21.8204 
22  6876 

23.5667 
24.4551 
25.3554 
26.2674 


16  6071 

7 


17.1525' 


20.7588 
21.4406 


17.7019 
18.2581 
18  8197 
19.3880 


22.1274 
22.8226 
23.5246 
24.2349 


27.1888 

28.1198 

29  0624 

Ji(U)168^ 

30.9Y84 
31.9517 
32.9344 
33  9289 


28.744  6 
29  9499 
31.1720 

32  4019 

33  6667 
34.9359 
36,2220 

^7.5249 

38.8412 
40.1711 
41.5177 
42.8812 


44.2548 
45  6453 
47.0492 
48  9699 
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Discharge 

Water  ou 
art. 

1  Over  Cippoletti  Weirs.— Concluded. 

Deptb  of 

DISCHARGE  IN  CUBIC  FEET  PER  SECOND. 

In            1            In            , 
»                            Inches.                 Feet. 

4  Feet 
LoiiK. 

5  Feet       '       7  Feet 
Long.  ,            Long. 

10  Feet. 
Long. 

15.6          1         1.8 
15.9          I          1.825 
16.2                    1.86 
'                                  16.4           1          1.875 

19.9603 
20.6894 
21.1288 
21.7128 

22.8075 
22.9082 
23.5128 
24.1242 

24.9503           34.9305 
25.6742     ;      85.9439 
26.4047           36.9666 
26.1404           37.9966 

49.9007 
51.8484 
62.8095 
64.2808 

16.8 
17.1 
17.4 
17.7 

1.4 
1.426 
1.45 
1.476         1 

27.8844 
28.6352 
29.8910 
30.1552 

39.0382 
40.0893 
41,1474 
42.2173 

55  7688 
67.2704 
68.7820 
60.8105 

is.o                 1.5 
18.3                    1.626 
18.6                    1.66 
18.9          1          1.575 

24.7390 
25.3604 
25.9866 
26.6182 

80.9245            43.2043 
81.7005           44.8808 
82.4838           45.4766 
33.2727           46.6818 

61.8490 
63.4011 
64.9666 
66.5455 

19.2          '          1.6 

84.0686           47.6959 
34.8702           48.8183 
85.6782           49.9495 

68.1370 

19.5          ,          1.626 

69.7405 

19.8                    1.66            i 

71.3566 

20.1 

1.676 

86.4918 

61.0878 

72.9826 

20.4 

1.7             i 

1.726 

1.75 

1.776      ; 

1.8 
1.825 
1.86 
1.875 

37.3111 
38.1376 
88.9691 
89.8074 

40.6515 
41.5009 
42.8677 
48.2179 

52.2855 
58.3926 
54.5568 
56.7804 

56.9121 
58.1018 
59.8008 
60.5031 

61.7211 
62.9442 
64.1720 
66.4116 

74.6222 

20.7 

76.2752 

210 

77.9383 

21.8 

i;;;;;;;; ;;;;;; 

79.0149 

21.6 

83.3030 

21.9 

83.0018 

22.2 

84.7154 

22.6 

80.4858 

22.8 

1.9 
1.926 
1.95 
1.976 

88.1780 

28.1 

89.9208 

28.4 

91.6743 

23.7 

93.4452 

24  0 

2.0 
2.126 
2.26 
2.4 

66.6560 
72.999 
79.541 
87.619 

96.2228 

25.5 

104.289 

27  0 

113.63 

28.0 

126.18 

BO.O 

2.5 

1 

93.156 

183.07 

-  — —    .    __ 

SOne  PHYSICAL  CONSTANTS  USEFUL  IN  CONNECTION  WITH  THE 

PRECEDINO  TABLES. 

1  cu.  ft.  water  weighs  62.416  lbs.  at  82  degrees  F. 

1  cti.  ft.  water  weighs  62.424  lbs.  at  89.8  degrees  F. 

1  cu.  ft.  water  weighs  62.408  lbs.  at  50  degrees  F. 

1  cu.  ft.  water  weighs  62.800  lbs.  at  70  degrees  F. 

1  cu.  ft —7.48052  U.  8.  gallons. 

1  acre  ft.— an  acre  1  ft.  deep— 4^3,660  cu.  ft.— 826,861.45  gallons. 

1,000,000  U.  8.  GaUons— 188,680.6  cu.  ft.— 8.07  acre  ft. 

1,000,000  cu.  ft.— 22.9668  acre  ft.— 11.574  cu.  ft.  per  sec.  for  24  hrs. 

1  cu.  ft.  per  sec.— 448.8812  gallons  per  minute— 86,400  cu.  ft.  In  24  hrs.  (Nearly 
2  acre  feet.)— 2  acre  ft.  In  24  hrs  ,  12  mhi.— 1,000,000  cu.  ft.  in  11.674  days— 1 ,000.000 
gals,  in  1.6472  days. 

1  ca.  ft.  per  sec— 38.4  Colorado  statute  inches— 60  California  statute  inches— 40  Mon- 
tana statute  inches. 

1.44  cu.  ft.  per  sec.  covers  80  acres  6  inches  deep  in  14  days. 


166       THE  iMONTANA  EXPERIMENT  STATION. 


OTHER  FORMS  OF  MEASURING  DEVICES. 

The  method  of  measuring  water  by  causing  it  to  flow- 
through  orifices  of  various  sizes  under  certain  heads,  is  very 
generally  used  in  the  western  portion  of  the  United  States. 
We  have  had  about  twentj^-five  different  ^'miner's  inches'' 
and  while  they  have  undoubtedly  served  their  purpose,  it  is 
onlv  a  matter  of  time  when  their  defects  and  the  confusion 
attendant  upon  their  use  will  cause  their  almost  complete 
banishment. 

Where  water  is  pumped  an  approximate  measurement 
may  be  made  by  noting  the  capacity  of  the  pump  per  stroke, 
the  rate  of  speed  and  the  time  of  running.  About  10  per  cent 
allowance  should  be  made  for  the  loss  due  to  leakage. 

For  large  canals  a  measuring  flume  may  be  used  to  ad- 
vantage. If  the  amount  of  water  flowing  for  different  depths 
is  once  detennined  by  a  current  meter,  a  scale  showing  the 
depth  will  be  all  that  is  necessary  to  determine  the  flow  at 
any  subsequent  time. 

Perhaps  one  of  the  most  remarkable  inventions  of  the 
age,  in  the  line  of  hj-draulics,  is  that  of  the  Venturi  water 
meter.  This  meter  is  intended  for  measuring  large  volumes 
of  water  and  is  the  invention  of  Mr.  Clemens  Herschel,  a 
prominent  hydraulic  engineer  of  New  York.  The  meter  is 
made  in  two  parts;  the  tube  or  portion  through  which  the 
water  flows,  and  the  register  for  recording  the  quantity 
measured.  As  mav  be  seen  bv  the  cuts,  the  tube  consists  of 
two  funnels  of  different  tapers.  On  passing  water  through 
the  tube  it  will  be  found  that  the  pressure  is  greatest  at  the 
up  stream  end  and  least  at  the  throat  where  the  velocity  is 
the  greatest.  At  the  down  stream  end  the  pressure  is  less 
than  at  the  up  stream  end  and  this  difference  registers  the 
loss  of  head  in  passing  through  the  tube.  For  a  velocitN-  of 
five  feet  per  second  through  the  throat  this  loss  would 
amount  to  0.05  feet  (O.G  inch).  A  42  inch  meter  would  pass 
5.343  cubic  feet  of  water  per  second  (about  214  Montana 
inches)  with  the  above  loss  of  head.  When  the  register  is 
not  used  the  amount  of  water  flowing  may  be  determined 
from  a  table  by  noting  the  difference  between  the  heads  as 


"1 


\  \ 


enturi  Meter  Registering:  Device.  The  Venturi  Meter. 
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shown  by  glass  tubes  at  up  stream  ends  and  at  the  throat. 
Discussions  of  the  theor3'  upon  which  this  meter  is  based 
may  be  found  on  pages  466  and  467  of  the  9th  edition  of  the 
Encyclopedia  Britannica,  and  in  article  71  of  Professor 
Merriam's  treatise  on  Hydraulics,  and  in  the  paper  which 
received  the  Rowland  prize  when  read  b^'  the  inventor  of  the 
meter,  Mr.  Clemens  Herschel,  before  the  American  Society  of 
Civil  Engineers,  Dec.  21,  1887.  While  this  meter  finds  its 
greatest  value  for  city  water  supplies,  3^et  it  has  features 
which  commend  it  for  irrigation  canals.  It  may  be  construct- 
ed of  iron,  wood,  brick  or  other  material  and  of  any  size. 

DIVISORS. 

When  it  is  desired  to  partition  the  water  in  a  canal  so 
that  a  certain  proportion  of  the  water  may  be  diverted, 
divisors  of  a  form  approximating  that  in  fig.  2  may  be  used. 
In  measuring  water  by  this  method,  certain  precautions 
should  be  taken  or  the  results  will  be  misleading.  The 
velocity  of  the  current  in  an^'  channel  is  seldom  uniform,  be- 
ing in  a  straight  channel  usually  greater  at  the  middle  just 
below  the  surface.    In  order  to  give  an  idea  of  what  may  be 


-4= 


I 
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Fig.  2. 

A  COMMON  FORM  OF  DIVISOR. 

expected  under  certain  conditions,  the  following  example  is 
given:  A  number  of  current  meter  readings,  twenty-seven  in 
all,  were  taken  on  the  Railey  gulch  flume  of  the  West  Gallatin 
canal.  This  flume  is  sixteen  feet  wide  and  the  water  was 
running  1.4  feet  deep  with  an  average  velocity  of  1.84  feet 
per  second.  The  position  of  each  of  these  readings  was 
plotted  on  a  diagi'am  of  the  cross  section  of  the  flume  care- 
fully drawn  to  scale.  The  amount  of  water  flowing  in  a 
given  portion  of  the  flume  was  then  compared  with  the 
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amount  which  would  flow  if  the  velocity  were  uniform 
throughout.  The  observations  showed  that  the  same 
amount  of  water  was  flowing  on  either  side  of  the  middle  of 
the  flume. 

In  the  following  table  the  first  column  indicates  the  part 
of  the  flume,  beginning  at  the  side,  partitioned  off;  the  second 
column  gives  the  percentage  of  water  actually  flowing,  tak- 
ing 100  as  the  amount  which  would  flow  if  the  velocity  were 
uniform  throughout  the  cross  section  of  the  flume 

Column  1.  I  Column  2. 


Vie 

93.44 

1/8 

93.5 

%6 

93.56 

y* 

93.66 

%6 

94.26 

% 

95.48 

Va 

100.00 

The  above  table  merel3^  shows  what  might  be  expected 
in  a  flume  where  the  conditions  are  similar  to  the  one  in 
which  the  measurements  were  taken.  If  the  flume  were  con- 
verted into  a  divisor  the  above  percentages  would  be  lowered 
unless  some  means,  such  as  a  slight  drop,  were  used  to  offset 
the  extra  firictional  resistance  caused  by  narrowing  the 
channel.  Where  divisors  are  used  it  is  desirable  to  have  a 
slow  approaching  current  with  slight  drops,  one  just  above 
and  one  just  below  the  divisor. 

An  ordinary  screen  has  the  effect  oi  breaking  up  eddies 
and  tends  to  make  the  current  uniiorm.  The  screen  should 
not  be  set  perpendicular  to  the  direction  of  the  current,  but 
inclined  so  that  the  area  of  the  openings  will  be  at  least  equal 
to  the  cross  section  of  the  channel. 
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SMALL  GRAINS  AND  POTATOES. 


LUTHER    FOSTER. 

This  bulletin  contains  the  results  of  the  past  season's 
field  experiments  with  small  grains  and  potatoes,  together 
with  analyses  by  Dr.  Traphagen,  the  Station  Chemist, 
showing  the  composition  of  several  varieties  of  wheat, 
barley  and  potatoes  and  the  average  composition  of  the  soil 
of  the  Station  Farm;  also  the  percentage  of  kernel  and  hull 
in  the  different  varieties  of  oats.  Experience  has  taught  that 
such  experiments  must  be  repeated  a  number  of  seasons  in 
succession  in  order  to  obtain  results  of  value. 

By  a  continuation  of  this  comparison  we  ho|^e  to 
determine  what  varieties  of  wheat,  oats,  barley,  field  peas, 
potatoes,  grasses  and  other  forage  plants  are  best  for  our 
climate  and  conditions,  and  then  produce  them  in  larger 
quantities,  for  distribution  to  the  farmers  of  the  state. 

In  the  small  grain  experiments  the  plats  were  made  to 
agree  in  size  with  the  quantity  of  seed  secured,  and  they 
vaiied  from  a  single  row  to  one-tenth  of  an  acre.  Nearly  all 
of  them  were  drilled  in  rows  fourteen  inches  apart  and 
cultivated  often  enough  to  entirely  free  them  from  weeds. 
We  hoped  by  this  method  to  increase  the  supply  of  seed 
sufficiently  for  more  extended  work  with  the  best  kinds 
another  year. 

From   Mr.   Peter  Koch,   who  has  kept  a  record  of  the 
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temperature  and  the  moisture  precipitation  since  1880,  we 
learn  that  the  rainfall  of  1 894  was  above  the  average  and 
was  as  follows:  April,  2.98  in.;  May,  1.95  in.;  June,  4.70 
in:;  July,  2.71  in.  This  was  sufficient  to  make  only  one 
irrigation  necessary,  which  was  given  between  the  19th  and 
25th  of  July. 

The  seeds  of  the  numerous  varieties  were  given  principally 
by  Prof.  J.  H.  Shepperd  of  the  North  Dakota  Station,  but 
Prof.  C.  A.  Zavitz  of  the  Ontario  Agricultural  College  and 
Prof.  C.  E.  Chilcott  of  the  South  Dakota  Station,  each 
contributed  several  kinds.  The  Glyndon  collection  of  wheat 
varieties  was  made  by  Prof.  Willet  M.Hays  of  the  Minnesota 
Station.  In  a  recent  bulletin,  he  writes  as  follows  about  the 
origin  of  the  collection  and  the  present  naming:  **Through 
the  assistance  of  the  American  consuls  in  Russia  and 
Hungary,  many  samples  of  wheats  were  scQured  from  those 
countries.  Prof.  Wm.  Saunders,  Ottawa,  Canada,  director 
of  the  Dominion  experiment  farms,  and  Mr.  S.  A.  Bedford, 
superintendent  of  the  Manitoba  experiment  farm,  Brandon, 
made  material  additions  to  the  list.  Mr.  C.  A.  Zavitz  of  the 
Ontario  Agricultural  College,  Guelph,  and  Prof.  Luther 
Foster,  then  at  the  South  Dakota  Agricultural  College,  also 
Prof.  James  Wilson  of  Iowa  Agricultural  College,  gave  us  a 
number  of  wheats  for  trial.  The  150  samples  first  collected 
were  planted  in  1890  at  Warren,  Minn.  Samples  of  all  the 
better  kinds  with  others  collected  were  sown  in  1891  at 
Glyndon,  ten  miles  east  of  Fargo.  A  fire  which  burned  the 
station  laboratory  during  the  fall  of  1890,  destroyed  letters 
and  other  records  giving  the  names  of  the  various  kinds  of 
w^heat  received  from  Russia  and  other  foreign  countries. 
Consequently,  in  1891,  the  record  of  each  kind  was  made  by 
using  the  name  of  the  tow^n  where  they  were  planted  and  our 
original  laboratory  entry  number,  thus:  Glyndon  676,  or 
abbreviated  to  G.  676.'^ 

The  farm  came  into  the  possession  of  the  Experiment 
Station  in  the  fall  of  1893.  The  ground  on  w^hich  the 
experiment  plats  were  located  had  been  in  cultivation  since 
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1871  without  manure.  Until  1881  it  was  cropped  every 
year,  but  since  then  it  has  been  summer-fallowed,  on  an 
average  every  third  season.  The  land  was  plowed  in  the  fall 
ofl893andno  manure  was  used  in  connection  with  the 
experiments. 

The  following  is  the  average  analysis  of  twenty  samples 
of  soil  taken  from  different  parts  of  the  Station  farm. 

PER  CENT. 

Coarse  Material 60 

Fine  Material 99.40 

Analysis  of  Fine  Material. 

Insoluble  Matter 80.41 

Soluble        **         19.59 

Soluble  Silica SiO*  .13 

Phosphoric  Acid P^O'  .29 

Potash K^O  .60 

Soda Na*0  .36 

Lime CaO  1.16 

Magnesia MgO  1.15 

Oxide  of  Manganese Mn^O**  .96 

Peroxide  of  Iron Fe^O^  3.92 

Alumina Al^O^  6.15 

Sulphuric  Acid SO^  .11 

Organic  Matter 4.76 

Moisture 4.08 

The  above  constituents  represent  that  portion  of  each, 
soluble  in  hydrochloric  acid  of  1.115  specific  gra\4ty  when 
digested  for  thirty-six  hours,  in  a  steam  bath  in  a  tightly 
stopped  flask. 
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TABLES. 


The  following  tables  of  variety  comparisons  show  the 
date  of  seeding  and  harvesting,  the  number  of  days  required 
for  maturity,  the  j^ield  in  bushels  per  acre  and  the  weight  of 
a  stricken  bushel.  These  tables  have  been  arranged  for 
convenient  comparison  with  their  corresponding  tables  of 
anah'sesmade  b}'-  Dr.  Traphagen. 

TABLE    I. 


VARIETIES  OF  WHEAT. 


VARIETY. 


• 

U 

» 

■ 

n 

• 

Q 

H 

Q 

b] 

-< 

U 

Oi 

S 

H 

g 

^ 

•XL 

< 

CO 
CO 

CQ 

fa 
O 

•J 

H 


04 


a 

so 

p 

CO 


fa 

O 
H 

a 
o 


Angus  Canadian 

White  Russian 

Red  Fife 

Canadian  White  Fife .... 

Wild  Goose 

Jauket 

Pringle's  Champlain 

Red  Fern 

Champlain 

BlueStem,  S.  D 

McKissiok's  Fife 

Warner 

Red  Fife, S.D 

Old  Red  River 

Bedford's  Hungarian  Ml 

Sutherlin  No.  1 

Campbell's  White  Chaff. 

Ladoga 

Assinniboine  Fife 

Bolton's  Blue  Stem 

Snow  Ball 

Sutherlin,  No.  2 


Sept. 


May  19 
19 
18 
19 
21 
19 
19 
19 
19 
21 
19 
21 
21 
21 
19 
21 
18 
18 

U I  Sept 
19'    " 
19i     " 
24 1     " 


4. 
ii 
li 
(( 
it 
(i 
U 
(& 
Ik 
(( 
(k 
l( 
Ik 
kk 


I2;ii6| 

12  116 


11 
12 

12 


116 
116 


A.ug. 
ki 


121116 
1,105 
8 1 112 
1105 
12  114 
12116; 
12114 
12114 
12114! 
12116' 
12114! 
31,1051 
301041 
11;  120 
12116: 
12  1161 
I2IIII 


39.2 

53.2 

59.1 

44.7 

a3.7 

41.9 

50.9 

44.8 

44.7 

45.8 

49.4 

46.4 

45.4 

36.6 

46.4 

82.5 

39.9 

633 

47. 

35.8 

42.6 

44 


61 

61 

62.5 

61.5 

63.5 

61.5 

62 

63 

615 

62.5 

62 

62.5 

62 

61.5 

61.5 

59.5 

60.5 

61.5 

62.5 

60.5 

60.5 

58 
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Varieties  of  Wheat  Continued, 


VARIETY. 


o 


I 


Sammer  Cob 

Eareka 

White  Fife 

Power's  Fife 

Red  Fife  ND 

Blue  Stem 

BlouDt's  Hybrid  No.  15 

Wellman's  Fife 

Colorado 

Saskatchewan  Fife 

Okanagon  Valley 

Rassian 

Kubauka 

White  Fife  S  D 

(ioldeu    Drop 

«  hinaTea 

Assinniboia 

Blount's  Hybrid  No.  17 

Silver  Fife 

California  Fife 

Rio  Grande 

Haynes'  Blue  Stem 

Club 

Hungarian  Mountain., 

French  Imperial 

Glyndon  No.  113 
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CHyndon 
<  Hyndou 
Glyndon 
(Tlyndon 
Glyndon 
Glyndon 
Glyndon 
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Glyndou 
Glyndon 
Glyndon 


U 
(( 
(4 
It 
(( 
ki 
ii 
i* 
U 

u 

44 
44 
44 


44 
<4 


(t 


135 

302, 

619. 

636 

638 

639 

650. 

651, 

663 

664 

668. 

669, 

670 

673. 

675. 

676. 

687, 

691. 

694, 


May 
it 

k4 
tt 
tt 
tt 
tt 
kt 
tt 
tt 
t4 
tt 
tt 
it 
tt 
tt 
tt 
t4 
44 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
It 
kt 
t* 


H 


apt. 


11) 

21 

19 

15 

18 

18 

14 

18 

15  Aug. 

21  Sept. 

19  '* 

21  Aug. 

21  Sept. 

21 

19 

18 

21 

18 

14 

15 

15 

18 

14 

14 

14 

14 

18 

21 

14 

21 

18 

21 

18 

14 

18 

18 

14 

18 

2J 

14 

18 

19i 

181 

21' 

15 


12 
8 
12 
11 
12 
12 
11 
12 
30 
12 
12 
31 
12 
12 
12 
12 
4 
12 
11 
11 
11' 

B| 
4 

4 
111 
12 

4 

1 
12 
12 
12 
12 

3 
11 
1-j 

9 
12 
12 
11 
12 
12 
12 
12 
11 


u 

O 
H 

»   • 

< 

Q 

1(5 

10 

10 

19 

17 

17 

20 

17. 

07 

14 

IC 

(>2 

14 

14| 

10 

17, 

00, 

17 

20 

19 

191 

13' 

I3l 

12! 

I3l 

21)1 

17 

061 

20 

14 

14' 
17, 
12 

10 

17 
18 
17 
14 

20 
17 

10 

17 1 
14 


9—  ^^ 


u 

k*« 

0  «: 

kJ 
U 


48.1 

45.2 

41.5 
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Varieties  of  Wheat  Continued. 
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TABLE   11. 


WHEAT   ANALYSIS. 


VARIETIES. 


blue  Stem,  S.  D 

Wellman^s  Fife 

Junket 

Kutherlin  No.  1 

Colorado 

Glyndon,  No.  669 

Bedford^s  Huopr.  Mount. , 

Saskatchewan  Fife 

McKissick's  Fife 

Powf»r's  Fife 

Blouct's  Hybrid,  No.  15 

Prinffle^s  Champlain 

Eureka. 

White  Fife 

Bolton^s  Blue  Stem 

Glyndon,  No.  715 

Blount's  Hybrid,  No.  17. 

White  Russian 

China  Tea 

Sothcrlin,  No.  2 

Rio  Grande 

Angus  Canadian 

Glyndon,  815 

Red  Fife 

Ladoga 

Snow  Ball 

Russian 

Glyndon,  697 

Golden  Drop 

Red  Fern 

Assinaboine  Fife 

Haynes'  Blue  Stem 

French  Imperial 

Champlain 

Field  Wheat,  crop  of  '94. . 
Early  Everett  Oats 
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67.259 

1.88 

U.750 

10.95 

70.977 

1.86 

11,625 

ILIO 

72.4a3 

1.85 

11.562 

11.75 

72.156 

1.67 

10.437 

1L25 

7L177 

1.80 

11.250 

10.96 

71.830 

1.99 

12.437 

11.25 

69.871 

1.93 

12.062 

10.77 

70.850 

1.86 

11.625 

11.26 

72.809 

1.87 

11.687 

11.44 

68.402 

2.10 

13.125 

11.24 

70.524 

1.58 

9.875 

11.02 

69.544 

1.56 

9.750 

11.34 

68.218 

1.81 

11.312 

11.05 

71.667 

1.84 

11.500 

11.40 

69.381 

1.83 

11.437 

11.15 

68.320 

1.76  ll.(K)0 

10.77 

66.116 

1.87 

11.687 

n.io 

68.891 

1.85 

1 1 .562 

10.91 

67.912 

1.69 

10.562 

10.70 

69.626 

1.581    9.875 

11.10  68.430 

1.95;  12.184 

10.431  70.a34 

1.87 

ll.()87 

10.50!  67.C40 

2,o5i  12.812 

9.90  68.960 

2.07  j  12.937 

11.25 

67.420 

2.00!  12.500 

10.10 

68.800 

1.88  1L750 

11.03  67.120 

1.79 

11.187 

10.88 

65.430 

1.94 

12.110 

10.89 

66.670 

1.97 

12.311 

11.14 

67.450 

1.89  11.812 

10.91 

68.690 

2.00 

12.500 

11.05  67..330 

1.96 

12.t>50 

11.45 

64.810 

1.96  l-.\250 

1L19 

67.260 

1.90  11.875 

13.07 

67.660 

1.771  11.062 

9.39 

56.480 

i.as 

10.187 
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TABLE   III. 


VARIETIES  OP  OATS. 


VARIETIES. 
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White  Wonder 

Badger  Queen 

Improved  American. . 

Black  Beauty 

Early  Everett 

American  White 

Giant  Yellow 

Great  Western 

Black  Russian 

Black  Prolific 

American  Beauty 

Salzers  Welcome 

White  Schoeneu 

Egyptian 

Poland  White 

Oolden  Giant 

White  Wonder  No.  2. 
White  Scha?nen  No.  2 

Race  Horse 

Salzer\s  Improved .... 
Xew  Danish  Island . . . 

Archangel 

Mogheda 

Progress 

White  Swede 

Tartarian 

Prize  Chester 

The  Lincoln 

Lost  Stake 

American  Banner 

Giant  Yellow  No.  2... 

Egyptian  :\i».  2  

Bland  White 

Archangel  No.  2 

White  <  anadian 

White  Bonanza 

Yellow  French  

Race  Horse  No.  2 

Lincoln  No.  2 
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24126 
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77.3 
79.2i 
88.31 
84.1| 
74.9, 
70.7 

83.31 

103.0: 

92.8,1 
89.0 
72.9 
75.6: 
88.4' 
81.7| 
50.1,, 
92.8 
84.11 
82.51 
96.3, 
85.3! 
109.1 
104.81 
74.5|. 
84.1, 


24  125!  82.8 
17119'103.1' 


17118 
17  119 
17  118 
24  125 
24  125 


82.5 
78.0 
105.4. 
79.9 
59.5 


24  126,  73.0 
17  118!  82.0, 
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41.4 
43.0 
45.5 
46.5 
39.0 
41.4 
43.1 
38.9 
40.6 
39.2 
40.1 
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43.6 
41.0 
42.5 
42.4 
38.5 
45.0 
41.8 
46.2 
39.6 

*  ■  •  • 

43.4 
10.6 
41.6 
40.9 
39.6 
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42.7 

41.9 
38.6 
41.9 
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39.0 
41.4 
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45.4 
40.9 
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Varieties  of  Oats,  Continued. 


VARIETIES. 


American  Banner  No.  2, 

Wide  Awake  No.  2 

Badger  Queen  No.  2 

Lincoln  Canadian 

Jeannette 

White  Schoenen  No.  3. . 
Siberian 


• 

Q 

14 

pe 

O 

en 

May 

21 

21 

22 

22 

22 

22 

22 

Q 

D 
H 


Sept.  17 
24 


(i 
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81.7 
68.1 
64.8 
92.8 
118  103.1 
115.  90.2 
1181100.5 


lit) 
126 
118 
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42.0 
41.6 
45.9 
42.0 
42.1 
41.0 
40.5 
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TABLE  IV. 


VARIETIES  OP  OATS  -PER  CENT.  OP  HULL  AND  KERNEL. 


VARIETIES. 


Black  Russian 

Giaut  Yellow 

Poland  White 

Ttie  Lincoln 

Bland  White 

Mogheda 

White  Schopnen 

Siberian 

Giant  Yellow  No.  2. . . 

Black  Prolific 

Improved  American. 

Black  Beauty 

White  Wonder 

Great  Western 

White  Bonanza 

White  Schoenen  No.  2 

Lost  Stake 

Lincoln  No.  2 

Egyptian 

Prize  Chester 

American  White 

Egyptian  No.  2 

White  Swede 

Wide  Awake 

American  Beauty .... 

Golden  Giant 

Archangel 

Yellow  French 

Bavarian 

Salzer's  Welcome . .   . 

Canadian  Lincoln 

White  Schoenen  No.  3 
White  Wonder  No,  2. 
Bland  White  No.  2... 
American  Banner. . . . 
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26.6 
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73.3 

26.7 

42.7 

73.0 

27.0 

42.3 

73.3 

26.7 

40.6 

73.8 

26.2 

41.0 

75.2 

24.8 

40.5 

74.6 

25.4 

38.6 

73.0 

27.0 

40.1 

71.9 

28.1 

46.5 

75.1 

24.9 

39.0 

76.1 

23.9 

43.0 

69.7 

30.3 

40.6 

74.2 

25.8 

41.4 

70.3 

29.7 

41.0 

74.8 

25.2 
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76.6 

23.4 

40.9 

74.5 

25.5 

42.5 

70.3 

29.7 
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41.9 
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TABLE  V. 


VARiETIE5  OP  BARLEY. 


VARIETIES. 


Black  Haliess May 

Moosenay " 

Hanf^rian " 

Chevalier " 

DackBUl " 

( 'anadian  Black " 

ImproTed  Black *• 

Manshary " 

Sutherlin " 

Kama  Kulla *' 

MaDhattan " 

The  King " 

Nepaul " 

Carter's  No.  2 " 

New  Zealand " 

Highland  Scotch " 

Champion  of  Vermont " 

Manshary " 

Salzer's  Manshary " 

Carter's  No.  1 " 

Highland  Chief " 

Improved  Cheyenne " 

Imperial " 


2l|Aag. 
23  Sept. 
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24 

4 

8 

8 

1 

28 

29 

22 

11 

3 

11 

23 

24 

11 

11 

11 

1 

29 

1 

27 

31 

11 

22 


v: 

HS  u 

s 

o 

O  « 

'Ji 

Q  Cm 

>* 

J 

< 

U 

Q 

S 

104- 

108 

107' 

101' 

971 

991 

92' 

mi 

103 
111 

91 

92 
111 
111 
112 
102 

99 
101 

96 
101 
112 

92 


38.G 
58.1 
60.4 
43.8 
72.9 
71.5 
61.8 
59.1 
59.1 
46.4 
68.7 
30.2 
43.1 
53.4 
55.7 
55.0 
41.2 
44.4 
48.7 
44.3 
53.6 
48.1 
50.2 
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TABLE  VI. 


BARLEY  ANALY3IS. 


Varieties. 
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New  Zealaud 

Carter's  No.  2 

Champion  of  Vermont 

Cheyenne  

Carter's  No.  1 

Nepaul 

Imperial 

Highland  Chief 

Highland  Scotch 

The  King 

Black  Hulless 

Manshury  No.  1 

Duckbill 

Salzer 

Chevalier 

Manhattan 

ManshuryNo.  2 

KummaKulla 

ManshuryNo.  ;J 

Sutherlin 

Moosenay    

Lemon  Spring  Rye 

Altenbraud  Spring  Rye 
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laass 

10.350 
10.550 
10.250 
11.075 
10.250 
10.a35 
10.410 
10.250 
10.160 
10.575 
10.055 
10.300 
10.505 
9.650 
9.045 
10.030 
9.915 
10.250 
10.415 
10.975 
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1.650 10.310,62.035 
1.480;  9.250|06.606 
1.430   8.940,65.300 
1.76011.000  64.647 
1.580l  9.875164.973 
1.6901 10.560'61.382 
2.18i)il3.625|63.994 
1.560   9.75()i62.a35 
1.570i  9.810|65.953 
1.500   9.375,69.218 
1.64010.250  63.341 
2.100' 13.125166.606 
1.70010.625,62.69 
1.675' 10.469  65.30 
1.570   9.81264.97 
1.550.  9.6871(56.91 
1.584   9.91)0  63.01 
1.617,10.106  65.30 
1.763,11.019  04.65 
^636,10.225i63.99 
1.646  10.287  58.77 
1.578    9.852  63.34 
1.918  12.287 '64.97 
1.617110.1(16  66.28 


42.431 

45.558 

44.665 

44.218 

4U42. 

41.985 

43.772 

42.431 

45.112i 

47.3451 

43.325 

45.558 

J  2.88 

44.66 

44.44 

45.77 

43.10 

44.66 

44.22 

43.77 

40.20 

43.32 

44.44 

45.35 


20.678i 

22.2()2| 

21.770 

21.549 

21.657 

20.461 

21.331  i 

20.678; 

21.984 

23.073; 

21.1141 

22.202 

20.89 

21.77 

21.66 

22.30 

21.(K) 

21.77 

21.55 

21.33 

19.59 

21.11 

21.66 

22.09 


2.675 
2.715 
2.505 
2.605 
2.925 
2.660 
2.175 
2.575 
2.500 
2.550 
2.910 
2.150 
2.610 
2.665 
2.750 
2.550 
2.665 
2.900 
2.650 
2.710 
2.750 
2.550 
1.760 
1.700 


The  malt  sugar  and  dextrine  are  calculated  from  the  starch  on  the 
basis  of  the  Normal  reaction: 

Ci8  Hjjo  Oir,  -[-  H2  O  =  C12  H22  Oil  -|-  Ce    H10O5 
Starch  -!-  Water  =  Maltose  -,-  Dextrine. 
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POTATOES. 


The  seed  potatoes,  with  the  exception  of  a  few  varieties, 
were  obtained  from  J.  C.  Vaughan,  seedsman,  of  Chicago, 
Chicago.  They  were  planted  the  23d  day  of  May  on  land 
that  had  lain  idle  for  the  three  preceding  seasons.^  It  had 
been  plowed  the  previous  fall  and  was  replowed  and  thor- 
oughly fitted  just  before  planting.  The  crop  was  regularly 
cultivated  and  kept  free  from  weeds  and  bugs  throughout 
the  season.  Only  one  irrigation  was  given,  and  that  aboxit 
the  time  the  potatoes  were  setting. 


TABLE  VII. 


VARIETY  COnPARISON. 


VARIETY. 


The  Vaughau 

Rural  Blush 

Acme  Seedling 

Lee's  Favorite 

Summit 

Beauty  of  Hebron 

Arizona 

The  Campbell 

World's  Fair 

Alexander's  Prolific 

VauguHrd 

Rural  New  Yorker  No.  2 

The  Freeman 

The  Thorburn 

American  Wonder  (Warner). 

Early  Ohio 

Early  Oxford 

Red  Ohio 
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CORROSIVE  SUBLIHATE  FOR  POTATO  SCAB. 


The  eflFects  of  potato  scab  on  the  tuber  are  so  well  known 
and  so  easily  recognized  that  a  description  oi  the  disease  is 
not  here  necessary.  Both  experimenters  and  potato  growers 
have  successfully  prevented  the  scab  by  immersing  the  seed 
potatoes,  for  one  and  one-half  hours,  in  acorrosive  sublimate 
solution,  using  2  ounces  of  the  compound  to  15  gallons  of 
water.  The  solution  is  most  readily  made  b^' first  dissolving 
the  powdered  corrosive  sublimate  in  a  few  gallons  of  hot 
water,  and  then  adding  enough  cold  water  to  make  the  re- 
quired 15  gallons. 

Since  the  solution  corrodes  metals,  only  wooden  vessels 
should  be  used.  A  barrel  makes  a  ver3^  good  receptacle  and 
the  potatoes  may  be  conveniently  handled  by  putting  them 
in  coarse  sacks  for  the  immersion.  If  not  fairly  clean,  the 
potatoes  should  be  washed  before  dipping;  after  they  have 
been  taken  from  the  solution  and  dried,  they  may  be  cut  and 
planted  as  usual.  The  corrosive  sublimate  is  very  poisonous 
and  must,  therefore,  be  handled  with  great  care. 

At  the  Station  last  season,  scabby  seed  potatoes,  treated 
in  the  manner  indicated  above,  produced  a  crop  entirely  free 
from  the  disease.  Soil,  when  once  infected  with  scab,  will 
retain  the  living  germs  for  a  number  of  years,  and  it  is  be- 
lieved that  it  may  become  infected  from  natural  drainage 
and  manure,  as  well  as  by  a  scabby  potato  crop.  For  such 
ground  the  treatment  will  not  be  as  effective. 

It  is  always  desirable  to  plant  clean  seed  on  soil  that  is 
free  from  the  disease;  but  smooth  potatoes,  apparently  free 
from  scab,  may  have  the  germs  on  their  surface,  if  thcN'  have 
been  in  contact  with  diseased  potatoes.  If  potatoes  are 
known  to  be  scabby,  they  should  be  dug  as  soon  as  mature, 
since  the  scab  continues  to  grow  as  long  as  the3'  are  in  the 
ground. 
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MONTANA  AGRICULTURAL 

EXPERIHENT  STATION. 

LETTER  OF  TRANSniTTAL. 

BozEMAN,  Montana,  July  1,  1895. 
To  His  Excellency^  John  E.  Richards^  Governor  of  Montana: 
Dear  Sir:    I  have  the  honor  to  transmit  to  you  here- 
with in  accordance  with  law,  the  second  annual  report  of 
the  Montana  Agricultural  Experiment  Station. 

Respectfully, 

S.  M.  Emery,  Director. 


EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kinkel,  Jr.,  Vice-President Manhattan. 

Walter  Cooper Bozeman. 

Nelson  Story Bozeman. 

EXPERIMENT  STATION  STAFF. 

S.  M.  Emery Director  and  Horticulturist. 

Luther  Foster,  M.  S.  A Agriculturist  and  Botanist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist. 

W.  L.  Williams,  V.  S Veterinarian. 

A.  M.  Ryon,  E.  M Irrigation  Engineer. 


Post  Office  Address  and  Freight  Station,  Bozeman. 
All  communications  for  the  Experiment  Station  should 
be  addressed  to  the  Director. 

Montana  Experiment  Station, 

Bozeman,  Montana. 


NOTICE:  The  bulletins  of  the  Station  will  be  mailed  free 
to  any  citizen  of  Montana  who  sends  his  name  and  address 
to  the  Station  for  that  purpose. 


Report  of  the  Treasurer  of  the  Board. 


The   Montana    Experiment  Station,  in  account  with    the 
United  States  Appropriation ,,  1894-95. 

DR. 

To  Receipts  from  the  Treasurer  of  the  United  States  aa  per 
appropriation  for  fiscal  year  ending  June  30th,  1895,  as  per 
Act  of  Congress,  approved  March  2, 1887 815,000.00 

To  Sales  Farm  Produce 1,089.54 

Total $lii,0:59.54 

CR. 

Hv  Salaries 8  3,517.83 

Labor 4,586.01 

Publications 776.25 

Postage  and  Stationery 77.43 

Freight  and  Express 450.71 

Ileal,  Light  and  Water.. 244.84 

i  hemicai  Supplies 404.22 

Seeds,  Plants  and  Sundries 1,337.46 

Fertilizers 375.00 

Feeding  Stuffs 144.29 

Tools,  Implements  and  Machinery 669.65 

Furniture  and  Fixtures 542.84 

JScientific  Apparatus 560.27 

Live  Stock 2:«.:« 

Traveling  Expenses 230.35 

C'ontingent  Expenses 94.50 

Buildings  ai^d  liepairs 750  00 

Granary,  Cellar  and  Barn 1,039.54 

Total .S  16,039.54 

I  hereby  certify  that  the  above  is  a  true  and  correct 
statement  of  the  receipts  and  expenditures  of  the  Montana 
Experiment  Station  for  the  fiscal  year  ending  June  30,  1895. 

Peter  Koch,  Treasurer. 

We,  the  undersigned,  duly  appointed  auditors,  certify  that 
we  have  examined  the  above  account  and  find  it  correct. 

Lester  S.  Willson, 
Attest:— Peter  Koch,  Secy.  Walter  Cooper. 

Dated  at  Bozeman,  this  25th  day  of  June,  1895. 
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Bulletin  No.  8.  -  -  -  July  i,  1895. 

Annual   Report  of  the  Director,  for  the  Fiscal 

Year  Ending  June  30,  1895. 

STATION  STAFF. 

No  change  has  been  made  in  the  membership  of  the  Sta- 
tion Staff,  except  the  addition  of  A.  M.  R3'on,  E.  M.,  as 
Irrigation  Engineer.  Mr.  Ryon  was  the  first  President  of 
the  Montana  College  of  Agriculture  and  Mechanic  Arts,  and 
brings  to  his  new  duties  a  thorough  preparation  in  various 
engineering  branches  and  aiiind  of  practical  experience  that 
will  be  of  great  benefit  to  the  Station  in  the  man}'  complex 
problems  that  confront  the  work  of  irrigation. 

STATION  FARM. 

During  the  current  year,  eight  acres  of  unbroken  land, 
upon  the  north  80  acres  of  the  farm,  have  been  reclaimed; 
half  of  this  was  a  swale  in  which  the  original  soil  was  wash 
gravel,  too  stony  for  cultivation,  it  had  been  permitted  to 
grow  up  to  willows.  As  a  result  of  25  years  irrigation  (the 
swale  being  used  as  afi  outlet  for  waste  water),  the  charac- 
ter of  the  surface  soil  had  materially  changed  for  the  better; 
in  breaking  it  up,  surface  stone  at  the  rate  of  50  loads  per 
acre  were  gathered  from  it  and  the  surface  well  cultivated. 
It  was  sown  to  oats  and  seeded  to  medium  clover,  the  oats 
yielded  well  and  the  stand  of  clover  was  perfect,  with  a  rank 
growth,  thus  demonstrating  the  ease  with  which,  clover  can 
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be  seeded  with  grain  and  also  the  fertility  of  land,  that  was 
supposedly  worthless  for  farm  operations. 

The  remaining  four  acres  consisted  of  sage  brush  soil, 
heavy  loam,  overhang  a  close  clay  subsoil,  stony  inplaces. 
This  was  broken  up  in  September,  well  irrigated  immediatel3' 
preceding  and  following  breaking,  and  rolled  down  com- 
pactly for  the  winter.  In  May  it  was  again  well  irrigated, 
and  by  a  vigorous  use  of  the  disc,  harrow,  roller  and  leveler, 
was  put  into  fair  condition  for  planting,  and  having  a  fall 
of  3°  to  the  north  and  west  it  was  selected  as  the  most 
eligible  for  an  orchard  site,  and  is  devoted  to  that  use. 

An  additional  water  right,  calling  for  one  share  of  water 
in  the  Middle  Creek  Ditch  Company,  has  been  acquired,  and 
one  half  mile  of  ditch  constructed.  In  connection  with  the 
work  of  irrigation,  verj^  satisfactory  work  has  been  accom- 
plished with  the  subsoil  plow,  manufactured  by  the  Moline 
Plow  Co.  This  implement  deepens  and  pulverizes  the  sub 
soil  and  thus  increases  the  storage  capacity  of  the  soil. 

BUILDINGS. 

Under  resolution  of  the  Executive  Board,  the  proceeds  of 
crops  grown  on  the  farm  are  to  be  devoted  to  farm  impi  ove- 
ments,  and  in  accordance  with  this,  a  granary  30  by  35  feet, 
with  a  capacity  for  6,500  bushels  of  grain,  under  which  is  a 
frost  proof,  root  cellar  of  the  same  dimensions  and  capacity; 
also  a  bam  32  by  50  feet,  were  erected  at  a  cost  of  $1,200. 

Each  building  stands  upon  a  solid  concrete  wall,  the 
materials  for  which,  with  the  exception  of  lime  and  cement, 
were  procured  upon  the  farm. 

The  outer  walls  of  the  superstructures  are  made  of 
straight  pine  logs,  6  inches  in  diameter,  from  which  the  bark 
was  removed.  The  logs  cut  into  short  lengths  (from  5  to  7 
feet), are  securely  toe  nailed  into  upright  posts  6  by  6  inches, 
which  are  erected  at  the  comers  and  points  raid  way  between 
the  comers;  these  posts  extend  from  the  foundation  to  the 
wall  plates.  These  buildings  are  substantial,  durable,  and 
when  painted,  present  a  good  appearance,  and  are  built  at 
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a  very  much  less  expense  than  frame  or  brick  structures. 

Many  Montana  ranchmen,  within  reach  of  timber,  can 
erect  very  much  better  buildings  of  these  materials  and  on 
the  same  plan,  for  less  money  than  either  the  old  style  log 
or  frame  buildings. 

FENCES. 

350  rods  of  fence  have  been  built,  the  material  used 
being  5  strands  best  hog  tight  galvanized  wire,  and  on  red 
cedar  posts  set  one  rod  apart. 

HIGHWAYS. 

The  county  road  bi-sectmg  the  farm  north  and  south, 
has  been  closed  and  a  driveway  opened  on  the  west  and 
south  lines  of  the  farm. 

FERTILIZERS. 

1161  loads  barnyard  manure  have  been  hauled  onto  the 
farm  in  addition  to  that  made  upon  the  farm. 

EXPERIHENT  PLATS. 

A  slight  change  has  been  made  in  the  location  of  experi- 
ment plats;  these  have  been  enlarged  until  they  now  com- 
prise 20  acres,  and  are  subdivided  by  drivewa3's  running 
north  and  south  and  east  and  west  through  the  center  of 
the  farm,  and  connecting  with  the  highways  by  convenient 
gates.  Upon  these  gates  are  placed  signs,  calling  attention 
to  the  Experiment  farm  and  inviting  visitors  to  pass 
through. 

Each  variety  of  grains,  grasses,  roots,  and  the  various^ 
tests  for  plant  diseases  (scab,  smuts,  etc.),  is  indicated  by  a 
substantial,  white  painted  stake,  upon  which,  in  plain  black 
lettering,  is  indicated  the  nature  of  the  experiment.  By  this 
system  it  is  possible  for  the  visitor  (of  which  there  are  many) 
to  gain  an  intelligent  idea  as  to  the  nature  of  the  work, 
without  the  trouble  of  looking  up  a  guide  to  suppW  the 
same  information  that  is  conveyed  by  the  use  of  the  stakes. 
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GENERAL  FARM  CROP. 

The  following  is  the  acreage  and  yield  of  farm  crops: 

6V2  acres  Canada  field  peas,  242  bu.,  average  37  bu. 
per  acre. 

5  acres  spring  rye,  131  bu.,  average  26  bu.  per  acre. 

21  acres  spring  wheat,  628  bu.,  average  29  bu.  per  acre. 

27  acres  oats,  1146  bu.,  average  42  bu.  per  acre. 

4  acres  Lincoln  oats,  195  bu.,  average  48  bu.  per  acre. 

40  acres  barley,  1789  bu.,  average  44  bu.  per  acre. 

6V2  acres  potatoes,  1131  bu.,  averaere  17  bu   ner  arre 


Ninth  line  should  read: 

Q^  acres  potatot*.  11«1  bu.,  avera«e  174  bu.  per  ac're. 


judicious  crop  rotation,  the  use  of  leguminous  crops  and  the 
intelligent  application  of  the  usual  amount  of  barn  yard 
manure  produced  upon  Montana  farms,  that  tracts  of  not 
more  than  160  acres  may  be  farmed  continuously  without 
fallowing.  The  Station  Canada  field  pea  crop,  grown  on 
land  that  had  been  cropped  for  nine  consecutive  seasons,  to 
oats,  without  rest  or  change,  affords  evidence  of  this:  this 
yield  was  37  bu.  per  acre  and  a  considerable  per  cent  of  the 
grain  was  left  in  the  straw  in  threshing,  also  much  was 
shelled  in  harvesting.  The  results  were  most  encouraging, 
all  things  being  considered. 

The  success  attending  the  field  pea  crop,  not  only  in  the 
quality  and  quantity  of  the  grain,  but  the  large  crop  of  nu- 
tritious forage  from  the  pea  straw,  amounting  to  four  tons 
per  acre,  A''aluable  both  for  horses  and  cattle,  demonstrates 
the  ample  provision  that  may  be  made  by  the  Montana 
farmer  for  a  cheap  and  valuable  grain  food  for  swine,  plac- 
ing Montana  on  an  equal  footing,  in  this  highly  profitable 
business,  with  the  Mississippi  valley  states. 
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GALLATIN  COUNTY  CROP  STATISTICS. 

Cards  of  enquiry  for  retunj  of  crop  statistics  were  again 
setit  to  owners  of  farm  lands  in  this  count}^  with  the  grati- 
fying result  that  the  replies  received  were  50  per  cent  greater 
than  those  from  the  crop  of  1893. 

The  size  of  the  average  farm  is  340i/^  acres. 

The  average  amount  of  land  under  cultivation  is  149 
acres. 

The  average  amount  of  pasture  land  is  171  acres. 

The  average  amount  of  irrigable  land  is  191  acres. 

The  average  amount  of  water  used  per  acre  is  IVi 
miner's  inches. 

The  average  number  of  times  irrigated  is  l^^oo  times. 

The  average  yield  of  hay,  tons  per  acre,  is  1%  tons. 

The  average  A^eld  of  spring  wheat  per  acre  is  35^^  bu. 

The  average  jneld  of  winter  wheat  per  acre  is  41%  bu. 

The  average  yield  of  barley  per  acre  is  50%  bu. 

The  average  yield  of  oats  per  acre  is  61  Vi  bu. 

The  average  yield  of  potatoes  per  acre  is  231%  bu. 

The  average  yield  of  field  peas  per  acre  is  23  bu. 

The  three  leading  varieties  of  potatoes  grown  were  earl3' 
rose,  white  elephant  and  beauty  of  hebron. 

FARHER'S  INSTITUTES. 

The  lack  of  funds,  and  the  refusal  of  the  railways  to 
supply  transportation  to  our  institute  workers,  in  189S,  cur- 
tailed the  work.  Meetings  well  attended  and  full  of  interest 
were  held  at  Columbia  Falls,  Kalispell  and  Billings.  Such 
work  is  considered  of  the  greatest  importance  in  states  that 
already-  stand  in  the  front  rank  as  agricultural  producers. 

It  is  to  be  regretted  that  the  railways  are  unwilling  to 
grant  transportation,  as  by  this  means,  much  could  be  done 
to  aid  the  farmer  in  his  work.  This  service  is  independent 
of  regular  Station  work  and  is  cheerfully  undertaken  in  the 
interest  of  improved  farm  methods. 
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PRESS  LIST. 

The  following  newspapers  and  publications  were  kindly 
donated  to  the  Station  by  the  publishers  during  1894. 
These  are  on  file  in  the  Director's  office,  for  the  use  of  the 
Staff,  students  and  other  interested  readers: 

Elgin  Dairy  Report,  Elgin,  111. 

National  Dairyman,  Kansas  City,  Mo. 

Southern  Cultivator,  Atlanta,  Ga. 

Farm  and  Home,  Springfield,  Mass. 

American  Horticulturist,  Topeka,  Kansas. 

Northwest  Magazine,  St.  Paul,  Minn. 

Farmers'  Guide,  Huntington,  Ind. 

South  West  Farm  and  Orchard,  Las  Cruces,  N.  M. 

American  Fertilizer,  Philadelphia,  Pa. 

National  Nurseryman,  Rochester,  N.  Y. 

Farmers'  Magazine,  Springfield,  111. 

Northwestern  Farmer,  St.  Paul,  Minn. 

Northwestern  Agriculturist,  Minneapolis,  Minn. 

Farm,  Stock  and  Home,  Minneapolis,  Minn. 

American  Agriculturist,  New  York  City. 

Gardening,  Chicago,  111. 

American  Florist,  Chicago,  111. 

Hoard's  Dair3'man,  Ft.  Atkinson,  Wis. 

Minnesota  Horticulturist,  Minneapolis,-  Minn. 

Practical  Nurseryman,  Huntsville,  Ala. 

Field  and  Farm,  Denver,  Col. 

Clover  Leal,  South  Bend  Ind. 

Sugar  Beet,  Philadelphia  Pa. 

Green's  Fruit  Grower,  Rochester,  N.  Y. 

Weekly  Sun,  Baltimore,  Md. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Riverside,  Red  Win^,  Minn. 

Republican,  Lake  City  Minn. 

Dairy  World,  Chicago,  111. 

Dorset  Quarterly,  Washington.  Pa. 

Poultry  Monthly,  Albany,  N.  Y. 

Farmers'  Call,  Quincy,  111. 

Independent,  Helena,  Mont. 

Sentinel,  Boulder,  Mont. 

Avant  Courier,  Bozeman,  Mont. 

Chronicle,  Bozeman,  Mont. 

Pioneer,  Big  Timber,  Mont. 

Times,  Billings,  Mont. 
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Gazette,  Billings,  Mont. 

Inter  Mountain,  Butte,  Mont. 

Montanian,  Chotean,  Mont. 

Silver  State,  Deer  Lodge,  Mont. 

New  Northwest,  Deer  Lodge,  Mont. 

Silverite,  Missoula,  Mont. 

Inter  Lake,  Kalispell,  Mont. 

Graphic,  Kalispell,  Mont. 

Tribune,  Dillon,  Mont. 

Examiner,  Dillon,  Mont. 

Western  News,  Hamilton,  Mont. 

Leader,  Great  Falls,  Mont. 

Tribune,  Great  Falls,  Mont. 

Democrat,  Lewistown,  Mont. 

Stockgrowers'  Journal,  Miles  City,  Mont. 

Yellowstone  Journal,  Miles  City,  Mont. 

Missoulian,  Missoula,  Mont. 

Mail,  Philipsburg,  Mont. 

Red  Lodge  Picket,  Red  Lodge,  Mont. 

North  West  Tribune,  Stevensville,  Mont. 

Madisonian,  Virginia  City,  Mont. 

Stockman  and  Farmer,  Helena,  Mont. 

Western  Times,  Hamilton,  Mont. 

Rocky  Mountain  Husbandman,  White  Sulphur  Springs. 

The  Rockies,  Dillon,  Mont. 

Oregon  Agriculturist,  Portland,  Or. 

Sportsmen's  Review,  Chicago,  111. 

Southern  States,  Baltimore,  Md. 

Agricultural  South,  Atlanta,  Ga. 

Grange  Visitor,  Charlotte,  Michigan. 

Homestead,  Des  Moines,  Iowa. 

Montana  Fruit  Grower,  Missoula. 

Great  Northern  Bulletin,  St.  Paul,  Minn. 

Market  Garden,  Minneapolis,  Minn. 

Nebraska  Farmer,  Lincoln. 

Republican,  Missoula,  Mont. 

Standard,  Anaconda,  Mont. 

The  Forester,  Mary's  Landing,  N.J. 

W^allace's  Farmer,  Ames,  Iowa. 

Success  with  the  Garden,  Rosehill,  N.  V. 

Yellowstone  Farmer,  Billings,  Mont. 

Enterprise,  Livingston,  Mont. 

Western  Mining  World,  Butte,  Mont. 
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DONATIONS. 

Acknowledgment  is  hereby  made  for  the  following  gifts 
to  the  Station: 

1  package  chloride  of  lime,  **  Lion  Brand/'  by  the  manu- 
facturer, Jas.  A.  Blanchard,  New  York  City. 

1  package  **Ermisch's  Caterpillar  Lime/'  **Owl  Trident 
Brand/'  by  Wm.  Menzel  &  Sons,  New  York  City. 

1  hay  fork  and  carrier,  by  the  manufacturers,  ].  F.  Por- 
ter &  Co.,  Ottowa,  111. 

1  package  **  Purple  Poison,"  by  H.  M.  Parchen  &  Co., 

Helena,  Montana.     (Used  to  destroy  potato  bugs.) 
1  subsoil  plow,  by  the  manufacturers,  Moline  Plow  Co., 

Moline  Illinois. 

100  pounds  bi-sulphide  of  carbon,  by  the  manufacturer, 
Edward  R.  Taylor,  Cleveland,  Ohio.  (This  is  used 
\  in  destroying  ground  squirrels  and  is  a  most  effect- 
ive agent  in  their  destruction.) 

1  collection  plants,  from  the  E.  H.  Michel  Seed  &  Plant 
Co.,  St.  Louis,  Mo. 

1  package  rooted  grape  cuttings,  from  Olney  Taylor, 
Park  City,  Mont. 

1  peck  each  of  the  five  leading  market  potatoes  of  Greely, 
Col.,  from  Senator  David  Boyd,  Greely,  Col. 

1  package  of  seed  and  plants  of  sacaline,  from  the  intro- 
ducers, A.  Blanc  &  Son,  Philadelphia,  Pa. 

1  copy  ** Cabbage  &  Cauliflower  for  Profit." 

1  copy  ** Potatoes  for  Profit." 

1  package,  33  papers,  novelties  in  garden  seeds,  from 
W.  Atlee  Burpee,  Philadelphia,  Pa. 

1  package  garden  seeds,  from  J.  C.  Vaughn,  Seedsman, 
Chicago,  111. 

1  package  seed  com,  R.  W.  Main,  Seedsman,  Cando, 
N.  Dakota. 

1  package  hardy  shade  trees,  from  Prof.  Sam'l  B.  Green, 
St.  Anthony  Park,  Minn.  ^ 

1  package  garden  seeds,  from  Henrj^  A.  Dreer,  Seedsman, 
Philadelphia,  Pa. 
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1  package  seed  com,  from  Oscar  H.  Will,  Nurseryman 
and  Seedsman,  Jamestown,  N.  Dakota. 

1  complete  set  *'Holstein  Friesian  Herd  Books, '*  from 
F.  L.  Houghton,  Secj'.,  Brattleboro,  Vermont. 

1  complete  set  Reports  Oregon  State  Board  Horticul- 
ture, from  Com'r  Henrj'  E.  Dosch,  Hillsdale,  Or. 

1  sack  seed  potatoes,  **  Gallatin  Beauties,"  from  J.  B. 
Weaver,  Belgrade,  Mont. 

1  complete  set  Reports  Missouri  Botanical  Garden,  from 
Prof.  Wm.  Trelease,  St.  Louis  Mo. 

Liberal  deductions  from  regular  prices  were  made  by 
A.  V.  Cleland,  Minneapolis,  Minn.,  for  a  fanning  mill;  also 
b\'  Kemp  &  Burpee,  Syracuse,  N.  Y.,  for  1  manure  spreader. 


BULLETINS. 


Three  Bulletins,  regular  series,  and  two  Bulletins  for  the 
Press,  have  been  issued  for  the  year  ending  June  30th,  1895, 
with  titles  as  follows: 

Bulletin  No.  5,  **  First  Annual  Report,'*  18  pages,  5,000 
copies. 

Bulletin  No.  6,  **  Measurement  of  Water,''  24  pages, 
5,000  copies,  by  A.  M.  Ryon. 

Bulletin  No.  7,  **  Small  Grains  and  Potatoes,'*  18  pages, 
5,000  copies,  by  Luther  Foster. 

Press  Bulletin  No.  3,  *' Potato  Scab,"  1  page,  3,000 
copies,  by  Luther  Foster. 

Press  Bulletin  No.  4,**  Request  for  Sample  Grasses,'* 
1  page,  2,000  copies,  by  F.  W.  Traphagen. 

Many  names  have  been  added  to  the  mailing  list  during 
the  past  year,  by  residents  of  Montana. 


REPORT  OF  THE  HORTICULTURIST. 


The  Station  farm   does  not  afford  a  representative  orch- 
ard site  as  compared   with  the  average  Montana  farm,  the 
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variation  from  level  being  too  slight  and  the  soil  containing 
too  strong  a  per*  cent  of  black  loam,  or  vegetable  humus. 
The  land  selected  as  a  site  being  new,  with  a  shallow  depth 
•of  pulverized  soil,  dynamiting  was  resorted  to  upon  half  of 
the  tract  to  obtain  a  comparison  as  to  results  in  root  devel- 
opment between  soil  dynamited  and  untreated.  This  was 
done  as  follows:  Two-mch  holes  were  drilled  to  a  depth  of 
4%  feet,  in  which  were  placed  quarter-pound  dynamite  car- 
tridges to  which  were  attached  sufficient  lengths  of  fuse  to 
admit  of  the  safe  discharge  of  the  cartridges.  The  holes 
were  filled  with  earth  and  thoroughly  tamped.  The  explo^. 
sion  effected  a  complete  mechanical  disintegration  of  the 
soil  for  many  feet  in  all  directions  from  the  hole.  Two  results 
will  thus  be  attained — a  porous,  friable  soil  much  sooner 
than  would  result  from  cultivation,  and  an  abundant  moist- 
ure storage  system. 

Believing  that  fruit  growing  offers  great  promise  in  Mon- 
tana, it  is  the  wish  of  the  horticulturist  to  offer  every  assist- 
ance in  the  work  that  is  to  be  achieved  by  practical,  pains- 
taking effort.  It  is  comparatively  but  recently  that  fruit 
has  been  set  for  profit.  The  few  who  have  been  successful  in 
fruit  growing  are  those  who  have  been  planting  for  manj' 
years  and  have  developed  a  system  of  their  own.  These 
have  set  out  many  varieties,  and  owing  to  the  carelessness 
and  dishonesty  of  many  nurserymen  there  are  many  mis- 
named sorts  doing  fairly  well.  This  of  itself  adds  to  the 
perplexity  of  the  situation,  as  newly  set  orchards  if  filled 
w^ith  trees  ordered  under  a  misconception  as  to  names  of  va- 
rieties will  in  fruiting  be  a  disappointment  to  the  planter. 
Under  these  circumstances  it  has  seemed  necessary  to  experi- 
ment with  a  much  larger  list  of  varieties  than  would  be 
otherwise  required  in  order  to  effectually  demonstrate  such 
kinds  as  are  hardy  and  desirable  as  to  quality  and  season. 
The  following  trees  and  plants  were  set: 

243  apples  and  crabs,  73  varieties. 

74  plums,  24  varieties. 

20  prunes,  4  varieties. 
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74  cherries,  22  varieties. 
9  apricots,  3  varieties. 
125  currants,  4  varieties. 

75  gooseberries,  3  varieties. 
75  blackberries,  3  varieties. 

150  black  raspberries,  6  varieties. 

200  red  raspberries,  8  varieties. 

50  dewberries,  2  varieties. 

3500  strawberries,  54  varieties. 

1700  evergreens,  14  varieties. 

3500  deciduous  trees,  12  varieties. 
Better  results  in  planting  could  not  have  been  asked, 
losses  being  but  trivial  and  confined  almost  exclusively  to 
raspberries  and  evergreen  seedlings. 

Many  perplexing  problems  are  met  in  fruit  culture  in 
Montana,  the  high  altitude  (4,891  feet  at  Bozeman)  com- 
pelling the  use  of  means  for  prevention  of  injury  to  earl3' 
bl6oming  sorts,  chinooks  in  the  winter  months,  variable  and 
uncertain  seasons,  late  and  earlv  snow  storms — all  undesirable 
factors  in  fruit  growing.  On  the  other  hand,  the  superior 
quality  of  the  soil,  the  long  sunshiny  summer  days,  the  pro- 
tracted fall  season  and  the  abundance  of  water  for  irriga- 
/  tion,  these  considered  with  the  protection  usually  afforded 

by  the  proximity  to  the  mountains,  are  most  favorable  qual- 
ities entering  into  the  merits  of  the  case. 

Intelligent  care  and  protection  will  be  extended  to  the 
Station  orchards  and  it  is  thus  hoped  to  achieve  results  that 
will,  to  say  the  least,  be  a  guide  to  those  engaged  in  orchard- 
ing. Respectfully  submitted, 

S.  M.  EMERY. 


REPORT  OF  THE  AGRICULTURIST 

AND  BOTANIST. 


To  THE  Director: 

Sir:     Since  my  last  report,  the  work  for   the  season 
of  1894  has  been  completed  and  such  results  as  seemed  sug- 
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gestive  to  the  farmers  of  the  state,  have  been  published  in 
Bulletin  No.  7,  under  the  title  of  **Small  Grains  and  Pota- 
toes." This  Bulletin  contains  the  results  of  the  variety 
comparisons  of  wheat,  oats,  barley  and  potatoes,  the  per- 
centage of  kernel  and  hull  in  the  diflferent  varieties  of  oats, 
together  with  analyses,  by  the  Station  Chemist,  showing 
the  composition  of  numerous  varieties  of  wheat,  barley  and 
potatoes  and  the  average  composition  of  the  soil  of  the 
Station  Farm.  It  includes  also  concise  directions  for  the 
treatment  of  seed  potatoes  with  a  corrosive  sublimate  so- 
lution for  the  prevention  of  potato  scab. 

The  tests  of  buckwheat,  millet,  springs  rye,  field  corn, 
Beld  peas,  grasses,  clovers  and  other  forage  plants  were  not 
sufficiently  complete  to  warrant  a  report  of  results  until  a 
repetition  of  the  work  has  been  made. 

Experience  teaches  that  field  experiments  must  be  often 
duplicated  and  many  times  repeated  in  order  to  obtain  reli- 
able average  results,  hence  the  plat  work  undertaken  this 
season  is,  in  the  main,  a  repetition  of  the  experiments  of 
1894,  with  numerous  important  extensions  and  additions. 

The  following  brief  outline  shows  the  work  now  in 
progress: 

VARIETY  TESTS  AND  COMPARISONS. 

This  line  of  experiments  includes  33  kinds  of  winter 
wheat,  2  of  winter  rye,  87  of  spring  wheat,  2  of  spring  rye, 
50  of  oats,  28  of  barley,  64  of  potatoes,  4  of  field  peas,  25  of 
sweet  com,  17  of  field  com,  2  of  broom  com,  1  of  sorghum, 
2  of  millet,  4  of  clover,  20  of  grasses,  2  of  ^ugar  beets,  17  of 
mangles,  and  10  of  caiTots.  In  nearly  all  cases  the  varieties 
selected  were  believed  to  be  those  most  likely  to  give  good 
results  under  existing  conditions  of  soil  and  climate. 

By  a  continuation  of  the  careful  comparisons  and  se- 
lections in  the  variety  tests,  we  hope  to  determine  what 
varieties  of  wheat,  oats,  barley,  potatoes,  field  peas,  grasses, 
•clovers,  and  other  forage  plants,  are  best  adapted  for  gener- 
.al  cropping  in  the  state,  and  when  practicable,  as  in  most 
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field  crops,  produce  the  pure  seed  of  those  superior  kinds  in 
quantities  for  distribution  among  the  farmers. 

FALL  SEEDING  OF  SPRING  WHEAT. 

A  variety  of  hard  spring  wheat,  known  as  Yellowstone 
fife,  was  sown  at  regular  intervals,  beginning  the  ninth  day 
of  August  and  ending  the  nineteenth  day  of  November.  Al- 
together fifteen  sowings  were  made,  the  object  being  to 
determine  the  practicability  of  such  seeding  and  the  time  to 
sow  for  best  results,  and  to  compare  the  quality,  yield  and 
other  characteristics  of  spring  wheat  sown  thus  out  of  its 
natural  season,  with  that  sown  in  the  spring. 

THICK  AND  THIN  SEEDING. 

Wheat,  oats  and  barley  were  so\vn  in  series  of  duplicate 
plats  of  one-twentieth  acres  each,  to  find  what  quantit^^  of 
seed  per  acre  gives  the  best  results.  In  wheat,  the  amount 
of  seed  varied  from  two  to  twelve  pecks  per  acre;  in  oats*, 
from  four  to  sixteen  pecks;  and  in  barle}^  from  two  to  four- 
teen pecks.  With  oats  the  depth  of  seeding  was  also  con- 
sidered, each  series  referred  to  above  being  planted  at  a 
different  depth.    This  varied  from  two  to  five  inches. 

FLAX. 

W"eekl5'  sowings  of  flax  were  made  thro'  the  month  of 
June,  to  determine  how  late  the  seeding  may  be  done  and 
still  secure  a  crop  without  damage  from  fall  frosts. 

METHODS  OF  POTATO  PLANTING. 

In  addition  to  the  potato  variety  comparison  mentioned 
above,  the  following  tests  in  methods  of  planting  were 
made: 

Shallow  versus  deep  planting,  the  depth  varyingfrom  two 
to  ten  inches;  potatoes  cut  and  planted  the  same  day  versus 
potatoes  cut  five  and  ten  days  previous  to  planting;  heavy 
seeding  versus  light  seeding,  the  quantity  per  hill  ranging 
from  a  single  eye  cutting  of  a  small  potato  to  two  large 
whole  potatoes  and  the  distance  between  hills,  from  six 
inches  to  three  and  one-half  feet;  drills  versus  hills;  cuttings 


SECOND  ANNUAL  REPORT.        205 


versus  whole  potatoes;  whole  large  potatoes  versus  whole 
medium  or  whole  small  potatoes;  cuttings  from  large  pota- 
toes versus  cuttings  from  medium  or  small  potatoes;  seed 
ends  off  versus  seed  ends  on;  one  eye  cuttings  versus  two  eye 
cuttings;  machine  cutting  versus  one  eye  and  two  eye  cut- 
tings. 

PIG  FEEDING. 

A  short  experiment  was  conducted  during  the  fall  which 
embraced  the  following  questions: 

Whole  wheat  soaked  versus  ground  wheat  soaked. 
Whole  peas  soaked  versus  whole  wheat  soaked.  Ground 
wheat  fed  dry  versus  ground  wheat  soaked.  Whole  peas 
soaked  versus  ground  wheat  soaked  and  dry. 

EXPERIMENTS  IN  PROGRESS. 

Ground  barley  versus  ground  wheat,  both  fed  dry. 
Mixed  foods  versus  single  foods,  the  mixed  food  consisting 
of  wheat,  peas  and  barley;  the  single  foods,  barley  at  one 
pen,  and  wheat  at  another.  Mixed  foods  Versus  the  same 
foods  fed  singly  successive  weeks.  A  grain  ration  with 
green  foods,  such  as  alfalfa,  pea  vines  or  clover  versus  a 
grain  ration  without  the  green  stuff.  Green  food  alone 
versus  the  same  green  food  with  a  grain  ration. 

PLANT  DISEASES. 

SMUTS. 

Treatment  for  smut  in  wheat,  oats  and  barley  were 
made  as  follows: 

The  seed  grains  were  immersed  for  different  lengths  of 
time,  in  hot  water  of  various  degrees  of  heat,  according  to 
the  kind  of  seed  treated.  For  wheat  the  temperatue  varied 
from  128^  Fah.  to  140°,  the  length  of  immersion  ranging 
from  three  to  fifteen  minutes;  for  barley  from  124°  to  140°, 
the  time  from  three  to  ten  minutes;  for  oats  from  126°  to 
150°,  the  time>ranging  from  dipping  long  enough  to  thor- 
oughly wet  the  seed,  to  ten  minutes. 

Seed  wheat  was  also  treated  with  a  copper  sulphate 
(blue  vitrol)  solution  varying  in  strength  from  one  pound  of 
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copper  sulphate  to  one  gallon  of  water,  to  one  pomid  to  five 
gallons  of  water. 

The  following  solutions  ranging  in  strength  from'  %  per 
cent  to  5  per  cent  were  also  used  in  the  treatment  of  seed 
oats  and  barley  for  smuts:  Corrosive  sublimate,  potassium 
sulphide,  zinc  chloride,  zinc  sulphate,  potassium  bicarbonate 
and  potassium  permanganate. 

POTATO  SCAB. 

This  experiment  included  not  only  the  prevention  of  scab  ,^ 
but  also  the  treatment  necessary  to  secure  a  crop  free  from 
the  disease  even  though  the  seed  be  badly  infected. 

In  this  treatment  the  solutions  used  were  the  same  as 
those  mentioned  for  the  treatment  of  smut  in  oats  and  bar- 
ley, the  strength  varying  from  Mo  per  cent  to  5  per  cent,  and 
the  period  of  immersion  ranging  from  a  few  minutes  to 
thirty  seven  hours. 

GRASS  AND  WEED  COLLECTION. 

In  compliance  with  the  request  sent  out  by  the  Station 
Chemist,  for  samples  of  native  grasses  and  noxious  weeds,  I 
have  undertaken  to  make  a  collection  of  all  weeds  and 
grasses  growing  on  the  Station  farm,  for  the  Station  and 
College  herbariums,  and  to  determine  the  same. 

As  soon  as  practicable,  it  is  the  intention  to  send  out 
in  bulletin  form,  a  descriptive  list  of  the  most  valuable 
native  grasses  and  the  most  dangerous  weeds,  with  methods 
for  the  extermination  of  the  latter. 

RespectftiUy  submitted, 

LUTHER  FOSTER. 


REPORT  OF  THE  CHEMIST. 


To  TkE  Director: 

Dear  Sir:  The  following  brief  outline  shows  the  work 
done  by  the  chemical  division  during  the  past  twelve 
months: 
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Twenty-one  samples  of  soils  have  been  analyzed,  as  a 
preliminary  to  the  study  of  soils  from  all  parts  of  the  state. 

Mtich  time  has  been  given  to  an  effort,  in  connection 
with  the  Committee  on  the  Analysis  of  Soil  and  Ash,  of  the 
Association  of  Official  Agricultural  Chemists,  to  secure  ana- 
lytical methods  which  will  give  harmonious  results  in  the 
hands  of  different  chemists,  and  which  will  at  the  same  time 
give  a  fair  idea  of  available  plant  food  contained  in  the  vari- 
ous soils.  This  is  far  more  than  can  be  said  of  the  present 
methods. 

There  has  been  a  very  generally  prevailing  belief  that 
potatoes  grown  with  irrigation  are  inferior,  containing  very 
large  percentages  of  water,  and  this  idea  has  been  circulated 
to  the  detriment  of  the  Montana  product. 

The  investigation  of  this  matter,  undertaken  upon  your 
suggestion,  has  demonstrated  that  the  Montana  potato  not 
only  contained  no  more  water,  but  actually  contains  less 
than  potatoes  grown  without  irrigation.  This  may  be  a 
seeming  paradox,  but  it  is  nevertheless  true. 

The  average  of  a  large  number  of  Montana  potatoes 
was,  water,  76.39  per  cent,  and  of  starch,  19.16  per  cent, 
while  the  results  obtained  from  a  number  of  varieties  from 
other  states,  analyzed  under  the  same  conditions  was,  water, 
77.21  per  cent,  and  starch,  17.49  per  cent. 

This  should  effectually  dispose  of  the  objection  that  irri- 
gated potatoes  are  inferior. 

In  connection  with  my  investigation  of  the  effects  of 
tailings  waters  from  silver  mills,  I  have  analyzed  a  great 
many  samples  of  water.  This  experiment  is  progressing 
favorably,  and  a  number  of  interesting  facts  have  already 
been  developed,  but  it  will  require  at  least  one  more  season 
of  pot  or  plat  experiments  before  a  bulletin  can  be  issued. 

Twenty-two  samples  of  barley  have  'been  analyzed,  to 
learn  which  give  best  results  with  Montana  soil  and  climate, 
and  to  suggest  the  best  varieties  to  be  planted.  These  re- 
mits wll  appear  in  the  bulletin  on  farm  crops,  together  with 
the  analyses  of  two  samples  of  rye,  thirty-five  samples  of 
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wheat,  and  one  of  oats. 

Miscellaneous  analyses  have  been  made,  covering  clays, 
marls,  waters  for  drinking  purposes,  flour,  gypsum,  lime- 
stone, and  milk. 

Much  time  has  been  spent  in  a  study  of  analytical 
methods. 

Mr.  Cobleigh  has  rendered  willing  and  effective  service. 

Very  respectfully  yours, 

F.  W.  TRAPHAGEN, 


REPORT  OF  THE  IRRIGATION  ENGINEER. 

To  THE  Director: 

Sir:  My  connection  with  the  Station  Staff  dates  from 
July  first,  1894.  Since  then  about  one-half  of  my  time 
has  been  devoted  to  Station  work,  the  remainder  being 
occupied  by  College  duties.  It  will  be  readily  seen,  however, 
that  a  large  part  of  the  study  and  investigations  necessary 
for  the  proper  conduct  of  either  one  of  these  departments  is 
of  direct  utility  to  both,  and  that  a  thorough  scrutiny  of 
general  engineering  and  other  publications  which  may  have 
any  bearing  on  irrigation,  form  no  small  part  of  the  work. 

Our  College  and  Station  introduces  a  line  of  w^ork  which 
is  new  to  a  large  part  of  the  community  and  which  I  believe 
is  not  thoroughly  understood  by  many.  It  is  difficult  for 
the  average  man  who  spends  from  eight  to  ten  hours  per 
day  in  the  field  or  at  his  office  and  has  a  definite  amount  of 
work  performed  which  he  can  show  at  the  finish,  to  com- 
prehend that  an  instructor  or  an  investigator  in  the  sciences 
must  spend  many  hours  a  week  in  abstract  study,  or  suffer 
the  penalty  of  rapidly  falling  behind  in  his  profession. 
This  studj^  really  consists  in  following  the  experiences  and 
investigations  of  others,  not  only  in  his  own  line  of  work 
but  to  a  certain  extent  in  branches  which  may  have  only  a 
remote  bearing  on  his  profession.    The  investigator  or  in- 
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stnictor  in  the  sciences  whose  entire  time  is  taken  up  b3^ 
routine  work  in  the  class  room  or  office  must  necessarily 
occupy  a  low  rank  in  his  profession. 

The  average  layman  has  not  sufficient  time  or  money  to 
enable  him  to  indulge  in  experimental  work  along  certain 
lines;  neither  has  he  the  time  to  acquire  to  any  great  extent 
the  general  knowledge  of  scientific  principles  which  is  abso- 
lutely essential  to  many  investigations. 

Our  Station  Staff  consists  of  a  number  of  men  educated 
in  the  sciences,  each  of  whom  gives  his  special  attention  to 
one  or  more  branches  of  the  agricultunal  industry.  It  would 
seem  fitting  that  one  member  should  devote  his  time  to  that 
particular  branch  which  makes  farming  a  possibility  in  the 
arid  west. 

While  no  scientific  demonstrator  is  required  to  emphasize 
the  value  of  water  to^  the  western  farmer  yet  it  certainly 
cannot  be  truthfully  asserted  that  irrigation  practice  in  the 
west  has  reached  perfection.  In  fact  it  is  generally  admitted 
that  our  irrigation  laws  are  defective.  The  holders  of  water 
rights,  fearful  of  additional  litigation,  are  naturally  con- 
servative and  prefer  to  adhere  to  present  systems  even  if 
they  are  confessedly  imperfect,  rather  than  to  experiment 
wth  new  ideas  or  introduce  methods  not  thoroughly  under- 
stood by  them.  Our  Station  can  do  much  in  this  direction 
towards  educating  the  people  by  publishing  accounts  of  the 
practice  in  other  older  countries,  as  well  by  keeping  abreast 
of  the  progress  in  our  own  country.  * 

The  Montana  Society  of  Civil  Engineers  has  shown  a 
disposition  to  co-operate  with  the  Station  in  this  direction 
and  thev  have  alreadv  done  some  excellent  and  effective 
work  The  United  States  Geological  Survey  has  also  taken 
the  Station  into  partnership  and  exchanged  favors. 

During  the  past  year  the  work  of  the  department  has 
included  the  design  and  superintendence  of  the  construction 
of  the  Experiment  Station  Building;  general  surveying  and 
engineering  work  connected  with  the  farm,  such  as  laying 
out  plots,  running  ditches,  fences,  etc.,  etc.    Some  work  has 
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also  been  done  in  measuring  the  water  in  various  canals 
with  the  view  of  collecting  information  concerning  the  value 
of  coeflScients  of  friction;  determining  proper  velocities  from 
observations;  of  scour,  deposit  of  sediment  and  economic 
considerations,  as  well  as  compiling  data  on  the  duty  of 
water:  While  acting  as  a  committee  on  the  measurement  of 
water  for  the  Montana  Society  of  Civil  Engineers,  I  made  a 
number  of  experiments  for  the  purpose  of  determining  the 
value  of  our  Statutory  inch,  expressed  in  cubic  feet  per  sec- 
ond, for  openings  of  various  sizes.  These  experiments 
demonstrated  that  the  Statutory  inch  of  water  is  not  a  con- 
stant quantity,  but  a  quantity  increasing  as  the  orifice  is 
lengthened.  The  report  made  to  the  Society  in  December, 
1894,  also  called  attention  to  various  defects  in  the  Statute 
which  defines  the  method  to  be  pursued  in  measuring  water, 
and  suggested  a  substitute  for  the  existing  Statute.  The 
report  was  published  in  full  in  the  Journal  of  Associated 
Engineering  Societies  for  January,  1895  and  was  copied  or 
abstracted  by  the  Engineering  Record,  American  Engineer 
and  Contractor  and  other  publications.  A*bill  was  intro- 
duced in  the  legislature  with  the  object  of  remedying  the 
present  defects.  The  bill  passed  the  Senate  but  was  defeated 
m  the  House. 

The  work  of  the  year  has  also  embraced  the  publication 
of  Bulletin  No.  6,  on  the  Measurement  of  Water.  An  ab- 
stract of  this  Bulletin  will  shortly  appear  in  the  Irrigation 
Age.  Experiments  have  been  made  with  a  device  for  secur- 
ing a  uniform  flow  of  water  in  laterals  when  the  head  of 
water  in  the  main  canal  fluctuates,  the  results  of  these  ex- 
periments will  be  published  later. 

This  oflSce  has  effected  arrangements  with  the  Division 
of  Hydrography  of  the  United  States  Geological  Survey, 
whereby  the  writer  has  charge  of  all  river  measurements 
and  observations  made  by  the  survey  in  Montana.  The 
method  of  conducting  this  work  is  as  follows:  The  survey 
has  established  gauge  posts  at  various  stations;  local  ob- 
servers read  th^  height  of  the  water  on  these  posts  twnce 
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every  day,  and  send  a  report  to  this  office  every  week.  At 
certain  stages  of  the  water,  indicated  by  these  reports,  the 
amount  of  water  flowing  in  the  river  is  determined  with  a 
current  meter,  and  from  the  data  so  obtained  a  rating  table 
is  prepared  from  which  we  can  estimate  the  flow  for  any 
day  of  the  year.  The  U.  S.  Geological  Survey  ftimishes 
money  for  the  payment  of  the  observers  and  also  for  the 
expenses  attendant  upon  taking  the  gaugings.  I  have 
trained  a  young  man,  Mr.  Peter  Seih,  to  do  this  latter  work. 
My  duties  consist  in  maintaining  an  oversight  and  directing 
the  work  in  this  State.  Payments  to  the  observers  and  the 
assistant  are  also  made  by  me  as  agent  for  the  U.  S.  Geo- 
logical Survey. 

During  the  year,  fifteen  gaugings  have  been  made,  and 
records  kept  of  the  flow  of  the  Jefferson  River,  at  Sapping- 
ton;  the  Madison  River,  at  Three  Forks;  the  Gallatin  River, 
at  Logan;  the  West  Gallatin  River,  at  Williams'  Ranch,  and 
of  Middle ^Creek,  near  the  mouth  of  the  Canyon. 

Daily  records  of  maximum  and  minimum  temperatures, 
together  with  the  rain  and  snow  fall  and  percentage  of 
hnmidity  are  taken  and  the  information  is  kept  on  file  for 
reference. 

The  subject  of  road  making,  improvement  and  mainte- 
nance has  received  considerable  attention,  and  a  general 
report  on  the  relative  values  of  different  pavements  was 
submitted  to  the  Bozeman  City  Council.  This  report  was 
printed  in  the  Bozeman  Chronicle.  Another  article  of  a 
more  popular  character  was  published  in  the  Good  Roads 
Magazine  for  1894.  While  the  greater  part  of  Montana  is 
favored  with  exceptionally  good  natural  roads,  there  are 
sections  like  the  fertile  Gallatin  Valley  where  the  roads  be- 
come almost  impassable  during  the  wet  spring  and  fall 
seasons.  For  such  districts  the  subject  of  road  improve- 
ment must  always  be  an  important  one  and  ought  not  to 
be  neglected  by  our  Station. 

Respectfully  submitted, 

A.  M.  RYON, 
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RERORT  OF  THE  VETERINARIAN. 


To  THE  Director: 

Dear  Sir:  As  Station  Veterinarian,  I  beg  to  report  that 
the  major  portion  of  my  time  during  the  past  year  has  been 
expended  in  completing  the  work  on  Bulletin  No.  4f\  w^hich 
was  unavoidedly  delayed;  in  collecting  the  material  for  and 
preparing  report  for  publication  on  the  Parasitic  Ictero- 
Hssmaturia  of  sheep,  which  appears  in  this  Bulletin,  and  in 
investigating  diseases  of  sheep,  due  to  animal  parasites, 
chiefly  the  larvae  of  oestrus  ovis  or  gad  fly,  and  tape  worms, 
and  a  disease  of  fowls  due  to  an  internal  parasite — cytodites 
nudus. 

It  is  hoped  that  bulletins  will  be  ready  upon  the  two 
latter  topics  in  due  course  of  time. 

Other  minor  investigations  have  been  made,  notes  upon 
which  are  duly  filed  in  my  department,  but  they  are  as  yet 
too  fragmentary  to  prove  of  public  interest. 

The  work  of  my  department  is  progressing  satisfactorily 
with  abundant  material  for  investigation  and  the  stock 
owners  willingly  cooperating  at  every  opportunity. 

Respectfully  submitted, 

W.  L.  WILLIAMS. 


PARASITIC  ICTERO-H/EHATURIA  OF  SHEEP. 

(Parasitic  Red- Water  and  Jaundice.) 


BY  W.  L.  WILLIAMS. 

It  has  been  thought  desirable  to  publish,  in  brief  form, 
the  results  of  some  investigations  of  a  parasitic  disease  of 
sheep—hitherto  undescribed  in  America — chiefly  with  a  view 
to  placing  veterinarians  and  flock-masters  on  their  guard 
that  they  may  recognize  or  suspect  the  nature  of  the  malady 
when  present,  and  thus  lead  to  a  more  complete  study  re- 
garding its  extent,  cause,  nature  and  prevention. 
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The  investigations  conducted  by  this  station  were 
preliminary  and  serve  onl}^  to  identify  the  disease  as  that 
described  under  the  name  of  **Carceag"  or  ** Parasitic  Ictero- 
Hsematuria  of  Sheep'*  in  other  countries,  farther  study  being 
prevented  for  the  time,  by  an  abatement  of  the  malad}' 
which  apparently  occurs  annually  in  early  spring,  and  partly 
because  the  work  was  undertaken  a  long  distance  from  the 
laboratory,  with  insufficient  equipment  at  immediate  hand. 

An  impression  has  been  formed  that  almost  all  losses 
among  sheep  in  the  Rocky  Mountain  States  were  due  to  the 
larger  animal  para*sites — such  as  tape  worms  and  the  sheep 
gad-fly  (oestrus  ovis),  or  **grub  in  the  head*' — and  while  the 
impression  may  be  true,  it  apparently  does  not  fully  apply  to 
Montana;  for  so  far  as  this  station  has  been  able  to  learn, 
greater  losses  have  occurred  during  the  past  four  years  from 
ictero-baematvria  in  one  little  valley,  than  has  been  produced 
by  the  larger  animal  parasites  in  the  balance  of  the  State. 
But  this  is  perhaps  more  apparent  than  real,  the  losses 
from  the  larger  animal  parasites  being  wide  spread  and 
continuous,  although  rarely  if  ever  producing  in  one  locality 
so  sudden  and  serious  loss. 

While  the  disease  so  far  as  recognized  is  apparently  local, 
ii'  we  are  to  judge  from  the  losses  hinted  or  recorded  among 
sheep  in  other  Rocky  Mountain  States,  it  is  not  improbable 
that  this  disease  exists  as  a  serious  scourge  in  other  similar 
localities. 

The  disease  is  due  to  a  microscopic  animal  parasite  very 
similar  in  many  respects  to  the  parasite  of  Texas  fever  of 
cattle,  and  has  been  found  in  the  blood,  urine,  liver,  spleen 
and  kidneys. 

The  attention  of  the  station  was  first  called  to  this  mal- 
ady in  a  note  addressed  to  the  Veterinarian,  under  date  of 
January  25,  1895,  by  T.  Clowes  Miles,  Esq.,  of  Silver  Bow, 
who  stated  that  for  some  three  years  a  peculiar  and  fatal 
malady  of  sheep  had  existed  in  his  vicinity  which  he  believed 
was  a^disease  **of  the  kidneys,  gall  and  liver." 

The  disease  seems  to  have  attracted  the  official  attention 
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of  the  State  Veterinarian  as  early  as  1892,  who,  in  his  re- 
port for  that  year,  refers  to  an  outbreak  of  ** anthrax" 
among  sheep  in  the  Deer  Lodge  Valley,  without  appending 
any  description  of  the  disease  as  observed,  or  in  any  wa^- 
giving  his  grounds  for  diagnosis,  while  the  sheep  owners 
claim  that  the  same  disease  investigated  by  this  station  has 
recurred  annually  since  1891,  and  that  it  is  identical  with 
the  malady  described  as  anthrax,  in  1892. 

Later  the  matter  was  referred  to  in  the  Bureau  of  Animal 
Industry  of  the  U.  S.  Department  of  Agriculture,  and  by  their 
advice  it  was  eventually  brought  to  our  attention,  and  a 
personal  visit  was  made  to  the  infected  locality  in  Deer 
Lodge  and  Silver  Bow  valleys  on  March  25,  this  \'^ear(1895). 

The  history  of  the  disease,  as  related  by  the  sheep  own- 
ers, dates  back  to  1891.  Since  that  time  it  has  appeared 
annuallj'-  in  a  district  covering  about  300  square  miles,  com- 
prising the  upper  portion  of  the  Deer  Lodge  valley,  the  lower 
portion  of  Silver  Bow  valley,  and  the  surrounding  foot-hills 
and  mountains. 

Sheep  grazing  was  begun  in  the  infected  area  early  in  the 
settlement  of  the  territory,  sheep  having  been  brought  to 
the  valley  as  early  as  1875.  All  the  losers  in  the  recent  out- 
break engaged  in  the  industry  prior  to  1882,  their  flocks 
remaining  quite  healthy,  their  losses  being  confined  to  oc- 
casional deaths  from  the  larger  animal  parasites  and  acci- 
dental diseases;  until  in  1891,  when  a  fatal  epizootic  appear- 
ed almost  simultaneously  in  four  or  five  large  flocks  of  2,000 
to  10,000  each,  since  which  time  the  losses  have  been  very 
serious,  averaging,  as  nearly  as  can  now  be  learned,  about 
2,000  sheep  annually,  more  than  80  per  cent  of  which  may 
be  safelv  attributed  to  this  affection. 

The  losses  were  so  serious  that  one  of  the  largest  owners 
disposed  of  the  entire  remnant  of  his  flocks  after  some  two 
years.  Another  has  just  sold  his  entire  flock  to  butchers, 
and  still  other  losers  have  greatly  reduced  the  remnants  of 
their  flocks  by  selling  to  butchers  all  animals  apparently  fit 
for  mutton,  so  that  there  are  now  grazed  in  the  infected 
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territory  less  than  20  per  cent  of  the  number  kept  there 
in  1891. 

The  Deer  Lodge  valley  and  its  tributary,  the  Silver  Bow, 
situated  on  the  Pacific  slope  of  the  Rocky  Mountains,  has 
an  altitude  of  a  little  more  than  5,000  feet,  with  the  foot- 
hills and  mountains  on  either  side  extending  500  to  1,500 
feet  higher.  The  valley  soil  is  highly  alkaline,  the  alkalinity 
at  some  points  preventing  the  growth  of  vegetation.  In 
some  places  it  is  boggy,  but  generally  dry,  semi-arid,  render- 
ing irrigation  necessary  for  the  production  of  hay  and 
cereals. 

In  winter  the  sheep  are  fed  on  hay  cut  from  these  valley- 
lands,  or  grazed  upon  the  meadows,  and  watered  from  the 
valley  streams;  while  in  summer  time  they  are  grazed  in 
the  foot-hills  and  mountains,  and  watered  at  mountain 
springs,  which  are  usually  surrounded  by  alkaline  bogs. 

The  smoke  from  extensive  copper  smelters  in  the  cities  of 
Butte  and  Anaconda  is  habitually  carried  by  the  wind  over 
into  the  infected  area,  leading  some  sheep  owners  to  attrib« 
ute  their  losses  to  smelter  fumes.  But  the  smelters  had 
existed  for  eight  or  ten  years  before  the  malady  appeared, 
and  even  now  only  sheep  and  goats  are  affected  while  other 
animals  in  the  same  district  remain  healthy. 

The  disease  generally  appears  late  in  autumn,  long  after 

mountain  glasses  have  ceased  to  grow  and  are  wholly  dried 

up,  except  in  the  alkaline  bogs  about  the  springs;  rages 

somewhat  seriously  for  a  time,  then  abates  during  the  cold 

winter  months  to  again  become  more  severe  in  late  winter 

and   early   spring,    then    disappears    until    the    following 

autumn. 

Symptoms. 

At  the  first  objective  signs  of  the  diseafee,  the  sheep  drops 
behind  the  flock,  ceases  to  graze,  moves  unsteadily,  with 
back  arched,  and  appears  listless. 

The  symptoms  develop  rapidly,  a  moderate  fever  is  pres- 
ent, and  the  shepherd  soon  notices  characteristic  changes  in 
the  urine,  which  assumes  a  distinctly  reddish,  bloody  or  red- 
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dish-brown  color.  The  visible  mucous  membranes  (lining 
membrane  of  eyelids  and  nostrils)  are  quite  yellow,  and  in 
well-marked  cases,  if  the  fleece  be  parted,  the  skin  is  found  to 
have  a  well-marked  yellow^  color,  indicating  severe  jaundice. 

Dropsical  swellings  are  occasionally  seen  on  the  sides  of 
the  head  and  neck.  The  patient  lies  down  most  of  the  time, 
in  a  crouching  position.  In  those  cases  where  the  disease 
has  become  well  developed  and  the  red- water  and  jaundice 
are  plainly  present,  it  appears  to  prove  universally  fatal, 
death  ensuing  within  one  to  five  days  after  the  first  symp- 
toms are  observed. 

Death  is  usually  preceded  by  collapse  continuing  for 
several  hours;  at  times,  however,  convulsions  may  occur  in 
the  last  stages  of  the  affection. 

It  seems  that  not  all  affected  sheep  show  evident  signs  of 
the  disease  while  alive,  as  it  appears  that  many  of  them, 
which  were  slaughtered  by  local  butchers,  were  in  apparent 
health,  and  the  evidences  of  disease  passed  unnoticed  until 
after  slaughter,  when  the  general  jaundice  was  so  evident  as 
to  lead  the  butchers  to  denominate  the  affected  flocks  as  the 
**gold  brand"  sheep. 

Post-mortem  examinations  upon  the  bodies  often  sheep, 
some  recently  dead,  others  killed  when  in  the  last  stages  of 
the  disease,  revealed  quite  uniform  pathological  (disease) 
changes. 

The  degree  of  emaciation  (poorness)  or  fatness  varied, 
but  generally  no  marked  emaciation  was  present.  Most  of 
them  were  moderately,  others  decidedly  fat. 

It  appeared  that  emaciated  (poor)  sheep  were  most  like- 
ly to  escape  infection,  and  that  those  in  moderate  or  high 
condition  succumbed  too  quickly  to  the  malady  to  lose  much 
in  flesh. 

The  skin,  connective  and  adipose  {fatty)  tissues  through- 
out the  body  had  a  very  marked  yellow  color,  at  times  pale, 
at  others  a  bright,  almost  lemon  color.  The  muscles  were 
pale,  soft,  faintly  yellowish.  • 

The  blood  in  sheep  which  had  recently  died  was  found 
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thin;  only  feebly  if  at  all  coagulated  (clotted),  and  quite  pale 
in  color.  When  animals  in  the  last  stages  of  the  disease 
were  killed  by  bleeding,  the  escaping  blood  was  found  verj' 
scant,  thin,  watery,  coagulating  feebly,  if  at  all,  pale,  and 
differing  in  acute  cases  from  the  pale  blood  of  ordinary 
anemia  (bloodlessness)  bj'  assuming  a  light,  dirty,  grayish- 
red  color. 

The  digestive  organs  offered  nothing  special,  containing 
little  food,  as  a  rule,  and  partaking  to  a  moderate  degree  in 
the  general  yellow  color. 

The  liver^  when  showing  deviations  from  the  normal 
size,  was  a  little  contracted,  weighing  two  to  two  and  one- 
half  pounds  in  sheep  forty  to  sixty  pounds  weight;  the  jaun- 
dice, so  common  throughout  the  body,  was  especially  mark- 
ed in  the  liver,  the  color  varying  from  a  pale  yellow  to  yel- 
low^ish-brown  externally,  while  internally  it  presented  a 
brighter  yellow,  at  times  almost  orange  color.  A  cut  sur- 
face was  smooth,  very  moist,  the  lobuli  appearing  very  dis- 
tinct. The  liver  substance  was  very  friable,  and  upon 
breaking,  the  lobuli  were  yet  more  apparent  than  upon  the 
cut  surface.  The  gall  bladder  was  usually  found  w^ell  filled, 
frequently  distended  with  a  yellowish-green,  or  more  often 
chocolate-colored  or  green  black,  thick,  flocculent  bile. 

The  kidneys  were  very  much  enlarged,  weighing  twelve 
to  sixteen  ounces  or  more,  the  capsule  easily  detached,  the 
parenchyma  (proper  tissue  or  pulp)  dark,  dirty-black  or 
blue-black,  soft,  easily  torn,  and  when  cut,  large  quantities 
of  bloody  or  chocolate-colored  urine  oozed  from  the  cut  sur- 
face upon  very  slight  pressure. 

The  urinary  bladder  was  in  some  cases  empty,  more  gen- 
erally filled  with  bloody  or  chocolate-colored  urine. 

The  ventricles  of  the  heart  were  in  some  cases  filled  with 
imperfect  blood  clots,  in  others  empty.  The  pericardium 
(heart  sac)  and  endocardium  (heart  lining)  were  frequent- 
ly "ecchymosed.  In  one  case  the  pericardium  contained  a 
firm  gelatinous  clot  of  a  bright-green  color  one  inch  long  by 
one-half  inch  thick,  and  in  the  same  case  there  was  a  con- 
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siderable  efitision  (collection  of  liquid  or  dropsy)  of  green 
serum  above  the  left  kidney. 

Effusions  in  connective  tissue  spaces  (spaces  in  the  loose, 
white  fibrous  tissue  between  the  skin  and  muscles  and  in 
spaces  between  the  muscles)  in  various  portions  of  the  body 
are  not  uncommon;  generally  of  a  yellowish  or  yellowish- 
green  color,  and  occurring  most  frequently  along  the  sides  of 
the  head  and  neck,  on  the  inside  of  the  thighs,  or  within  the 
body  cavity. 

The  spleen  (melt)  appears  contracted,  more  spherical 
than  usual,  weighs  two  t6  three  ounces,  firm,  pulp  dark  red- 
dish-brown. 

The  long  distance  from  the  laboratory  and  insufficient 
apparatus  carried,  prevented  an  extended  microscopical 
study  of  the  disease,  confining  the  work  almost  wholly  to 
the  fresh  blood. 

The  examinations  were  made  with  a  Zeiss  one-twelfth 
homogeneous  immersion  objective,  ocular  three. 

The  first  marked  change  noted  in  the  blood  was  a  great 
decrease  in  the  number  of  red  blood  cells  and  a  correspond- 
ing increase  of  the  white  cells — there  being,  in  extreme  cases, 
one  of  the  latter  to  four  or  five  of  the  former.  The  normal 
ratio  between  white  and  red  blood  cells  is  one  of  the  former 
to  300  to  500  of  the  latter. 

The  red  cells  were  very  much  enlarged,  swollen,  turgid, 
their  borders  irregular,  crenate;  they  were  no  longer  bi-con- 
cave,  but  bi-convex,  or  spheroidal.  Their  usual  sharp  con- 
tour was  wanting,  their  appearance  dull,  lustreless,  and  al- 
though some  examinations  were  made  as  quickly  as  possible 
after  withdrawal  of  blood  from  the  vessels  of  living  animals, 
no  movement  of  the  cells  could  be  seen.  Within  the  red 
blood  cells  were  seen  numerous  round,  oval  or  sometimes 
oblong  and  curved  bodies  one-tenth  to  one-sixth  the  diame- 
ter of  the  red  blood  cells.  In  some  of  these  cells  but  one  of 
these  bodies  was  to  be  seen,  in  others  there  were  two  to  four, 
some  apparently  in  process  of  division.  These  bodies  were 
motile,  at  times  moving  from  one  portion  of  the  blood  cell 
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to  another,  either  across  its  surface  or  from  the  surface  into 
the  interior.  Some  parasites  were  seen  free  in  the  blood 
serum,  others  could  be  seen  leaving  the  blood  cells,  becoming 
free  in  the  serum,  while  still  others  could  be  seen  entering  the 
cells  from  the  serum.  These  bodies  readily  stained  with 
aniline  red  and  methylene  blue. 

This  affection  has  been  but  recently  described,  and,  so 
far  as  known,  by  but  two  observers.  The  parasite  seems  to 
have  been  first  discovered  by  Prof.  V.  Babes,  of  Bucharest, 
Roumania,  in  1888  (Virchow's  Archives  B.  139  S.  384);  and 
the  histological  changes  described  by  him  in  1889  {lb.  1889); 
and  in  1892  (Compte  rende.  de  L,  Academic  des  Sciences)  he 
described  the  parasite  as  one  apparently  occupying  a  middle 
ground  between  bacteria  and  protozoa.  Professor  Babes 
denominated  the  disease  **Carceag.'*  His  efforts  at  cultiva-* 
tion  of  the  parisite  were  followed  by  negative  results. 

We  next  find  the  disease  described  in  1895  b}'  Professor 
Dr.  A.  Bonome  (Virchow's  Archives  B.  139,  S.  I.)  of  the 
Roval  Universitv  at  Padua,  Italv,as  Parasitic  Ictero-Hsema- 
turia  of  Sheep. 

The  symptoms  and  post-mortem  appearance  as  seen  by 
Dr.  Bonome  are  identical  with  those  recorded  above  as  seen 
in  this  State. 

The  microscopical  appearances  noted  in  the  blood  of  the 
affected  sheep  in  the  Montana  outbreak  are  also  fully  identi- 
cal with  those  observed  by  Dr.  Babes  and  Dr.  Bonome  in 
Roumania  and  ItaW. 

Dr.  Bonome  made  a  careful  studv  of  the  disease  in  the 
living  animal  at  his  laboratory,  and  in  addition  to  the  points 
included  in  our  investigation,  made  an  extended  microscopi- 
cal study  of  the  liver,  spleen,  kidneys  and  urine,  besides  mak- 
ing ineffectual  attempts  at  experimental  transmission  of  the 
disease  to  healthy  »sheep,  by  means  of  the  transfusion  of 
blood  from  those  affected. 

The  most  noteworthy  changes  observed  by  Dr.  Bonome 
in  any  organ  were  those  of  the  liver,  in  which  the  hepatic 
(liver)  cells  early  undergo  necrobiosis   (death);    some   are 
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swollen,  turgid,  yellow  and  without  nuclei  (kernels);  in  others 
nuclei  are  to  be  seen,  affected  with  dropsical  effusion.  The 
affection  of  the  liver  is  general  and  severe,  large  sections 
showing  no  unaffected  liver  lobuli;  some  w^ere  even  complete- 
ly destroyed,  leaving  a  cavity  filled  with  cell  debris. 

The  parasjtes  were  numerous  in  the  liver,  invading  the 
cells  and  appearing  among  the  cell  debris  in  the  intra-lobular 
veins  and  the  bile  capillaries. 

The  spleen  seemed  especially  rich  in  parasites,  they  being 
found  in  abundance  in  the  contained  red  blood  cells,  in  the 
pulp  cells  and  in  a  free  state. 

In  the  kidneys  he  found  the  epithelial  cells  lining  the 
tubuli  (the  little  tubes  in  which  the  urine  is  secreted)  in  a 
state  of  fatty  degeneration.  In  the  glomeruli  (tufts  or 
nodules  at  beginning  of  the  tubules)  the  arterial  loops  were 
in  many  cases  distended  and  blocked  up  by  emboli  (clots)  of 
red  blood  cells,  other  loops  were  destroyed  by  the  emboli 
and  in  some  cases  almost  the  entire  glomerulus  was  destroy- 
ed and  the  cavity  occupied  by  detritus  consisting  of  the  rem- 
nants of  the  arterial  loops  and  broken-down  red  blood  cells. 
Dr.  Bonome  regards  the  parasite  as  essentially  animal  in 
character,  allied  somewhat  to  amoeba,  resembling  in  other 
respects  sporidium. 

While  it  is  not  -probable  that  this  disease  will  ever  be- 
come widespread  in  this  country,  the  losses  in  Deer  Lodge 
Valley  indicate  clearly  that  in  an  infected  locality  it  may 
prove  a  most  disastrous  scourge  to  flocks,  and  we  feel  that 
the  publication  at  this  time  of  this  preliminary  description 
of  the  nialadv  is  warranted  in  order  to  direct  the  attention 
of  veterinarians,  and  flock  owners  to  the  subject,  that  in 
case  of  future  outbreaks  its  real  nature  may  be  recognized  or 
suspected  and  reported  for  further  study,  to  the  end  that 
means  for  its  prevention  and  eradication  may  be  found. 

The  Experiment  Station  desires  that  future  outbreaks  of 
disease  among  sheep,  presenting  symptoms  identical  with  or 
closely  similar  to  those  above  related,  be  promptly  reported 
to  the  veterinarian. 
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INTRODUCTION. 

For  the  past  two  seasons  special  potato  experiments 
have  been  in  progress  at  this  station;  during  the  first  of 
these,  only  two  things  were  attempted,  viz:  variety  com- 
parison and  treatment  of  the  scab  disease.  Last  season 
these  two  lines  were  largely  extended  and  additions  made  in 
methods  of  seeding,  quantity  of  seed  per  acre,  and  time  and 
methods  of  cutting  the  seed  potatoes. 

The  season  of  1895  was  below  the  average  for  condi- 
tions favorable  to  the  best  results  in  potato  growing  in  the 
Gallatin  valley.  The  extended  cold,  damp  weather  immedi- 
ately following  our  planting  was  a  severe  test  on  the  ability 
of  the  different  varieties  to  withstand  the  tendencv  of  such 
conditions  to  rot  the  seed,  as  well  as  a  test  of  the  best  depth 
to  plant.  As  will  be  noticed  further  on,  the  stand  was  very 
irregular,  ranging  from  10  to  90  per  cent.,  only  a  few  perfect. 
It  will  be  seen  that  our  time  of  planting  was  medium,  though 
really  as  earl^'  as  the  ground  seemed  in  fairly  good  condition. 
The  diflerent  valleys  of  the  state  vary  so  greatly  in  condi- 
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tions — time  of  planting,  length  of  season,  kind  of  soil,  etc. — 
that  what  may  be  exactly  right  for  some  of  them  may  not 
be  applicable  to  the  others.  This  seems  especially  true  of  the 
Gallatin  valley,  with  its  high  elevation  and  short  growing 
season.  However,  this  much  may  be  safely  relied  on — what- 
ever varieties  or  methods  succeed  here  will  be  successful  in 
anj''  other  valleys  of  the  state,  but  in  many  localities,  on 
account  of  the  longer,  warmer  summer  and  the  especially 
favorable  soil  conditions,  much  more  may  be  accomplished, 
as,  for  example,  in  growing  for  the  early  market.  As  to  the 
extension  or  contraction  of  potato  growing  as  a  business, 
the  farmers  in  the  different  parts  of  the  state  are  best  pre- 
pared to  judge  for  themselves.  In  this  section  it  does  not 
seem  probable  that  we  cap  rely  on  the  general  market 
making  a  price  that  will  warrant  any  production  for  out- 
side shipment.  However,  it  is  not  the  business  of  the  Sta- 
tion to  determine  how  much  to  produce,  but  rather  to  find 
out  the  best  methods  to  follow  and  the  best  kinds  to  grow^ 
whether  the  acreage  be  large  or  small. 

METHODS    OF    SUCCESSFUL   GROWERS. 

In  order  to  give  the  benefit  of  extended  experience  from 
various  portions  of  the  state  and  to  show  what  is  the  com- 
mon practice  in  growing  for  market,  the  methods  followed 
by  some  of  the  most  successful  producers  are  given  below  as 
much  in  detail  as  space  will  permit. 

Mr.  John  M.  Robinson,  a  successful  farmer  of  the  Galla- 
tin vallev,  who  exerts  his  efforts  in  the  direction  of  diversi- 
fied  products  rather  than  special  crops,  pursues  the  follow- 
ing general  method  in  raising  potatoes:  In  soil  he  prefers 
a  sandy  loam,  summer  fallowed  six  to  eight  inches  deep,  or 
new  sod  plowed  either  the  previous  June  or  in  the  spring 
just  before  planting.  In  either  case  the  land  must  be  well 
drained.  He  believes  in  very  thorough  preparation  just 
previous  to  planting;  it  should  be  finely  pulverized  and 
made  level.  He  plants  b}^  hand  in  rows  three  feet  apart, 
and  one  cutting  ever3'  fourteen  inches  in  the  row.  The 
cuttings  contain  from  one  to  two  e3^es  and  are  covered  to  a 


Bulletin  No.  9.  POTATOES.  5 


depth  of  five  or  six  inches.  He  has  never  been  troubled  by 
the  seed  rotting  after  planting.  He  practices  shallow  culti- 
vation, using  Robinson's  Exterminator  until  the  potatoes 
come  up.  He  slightly  hills  them  in  the  last  cultivation, 
which  for  best  results  he  gives  just  before  or  about  the  time 
of  blooming. 

If  the  season  is  dry  two  irrigations  are  given,  one  a  few 
weeks  before  blooming  and  the  other  soon  after,  when  the 
tubers  are  well  set.  In  ordinary  seasons  one  watering  is 
sufficient,  given  about  the  time  of  the  latter  irrigation 
above.  In  no  case  should  the  ground  be  flooded,  not  even 
around  the  hill.  In  all  his  experience  he  has  never  had  the 
quality  of  the  crop  injured  by  over-irrigation.  In  harvesting 
he  throws  them  out  with  the  ditch  plow,  following  wnth  the 
harrow  aiter  a  first  picking.  He  sells  in  the  fall,  and  has 
seldom  found  the  market  so  low  that  it  paid  to  feed  the 
crop.  By  changing  to  new  locations  each  year  he  has  kept 
his  potatoes  free  from  scab  without  special  treatment.  He 
grows  for  his  principal  crop  the  variety,  State  of  Maine, 
and  for  early,  Beauty  of  Hebron.  Mr.  Robinson  uses  Paris 
green,  at  the  rate  of  two  tablespoonfuls  to  five  gallons  of 
water,  to  destroy  bugs,  and  he  considers  it  a  positive  waste 
of  time  to  pick  the  old  bugs  by  hand  when  they  are  deposit- 
ing eggs.  He  thinks  the  deep  grown  potatoes  of  best 
quality.  On  new  sod,  plowed  in  spring  just  before  planting, 
he  has  raised  400  bushels  per  acre. 

Director  A.  J.  Hylton,  of  the  State  Reform  School  at 
Miles  City,  considers  a  sandy  loam,  plowed  eight  inches 
deep  in  the  spring,  and  pulverized  as  deeply  as  plowed,  best 
for  a  good  yield.  He  plants  two  seed  pieces  of  one  or  two 
eyes  per  hill,  twenty  inches  apart,  and  covers  them  six 
inches  deep.  For  most  of  the  cultivation  he  uses  a  double- 
shovel  plow,  giving  final  hilling  just  before  they  begin  to 
bloom,  with  a  turning  plow.  All  irrigating  is  also  done 
before  the  bloom  appears.  Earh'  Rose  and  Beauty  of 
Hebron    are   the   kinds  grown,    and  these  have  not  been 
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affected  by  scab,  nor  has  the  seed  rotted  in  the  ground  after 
planting. 

Mr.  W.  E.  Bass,  of  Stevens\nlle,  is  very  successful  in 
growing  the  Early  Rose  on  black  granite  soil,  following  a 
wheat  crop,  plow^ed  in  the  spring  from  four  to  six  inches 
deep.  He  plants  in  drills,  seed  pieces  six  inches  apart,  and 
covers  to  a  depth  of  four  inches.  He  feeds  surplus  to  his 
hogs. 

Mr.  J.  F.  Borough,  also  of  Ravalli  county,  says  he  pre- 
fers a  deep  sandy  loam,  and  that  sagebrush  soil  is  next  best. 
He  believes  a  clover  sod,  plowed  eight  or  ten  inches  deep  in 
the  fall,  gives  the  best  results,  and  this  may  be  cropped  two 
3'ears  in  succession  without  danger  of  scab.  After  thor- 
oughh'  pulverizing  the  soil  and  making  furrows  three  or 
four  inches  deep,  Mr.  Borough  plants  in  hills,  thirty  inches 
apart,  and  puts  two  pieces  in  a  hill,  with  two  ^es  in  each 
piece.  In  his  experience,  three  or  four  inches  is  the  best 
depth  for  covering.  He  uses  a  five-tooth  cultivator,  and 
since  his  potatoes  are  planted  in  hills,  he  cultivates  both 
ways,  and  believes  the  ground  is  thus  kept  in  better  condi- 
tion and  more  economicallv  freed  from  weeds.  The  last 
cultivation  is  given  about  the  time  the  vines  are  in  blossom, 
and  the  cultivator  teeth  are  set  so  as  to  throw  the  soil 
toward  the  rows. 

When  the  season  is  dry  he  irrigates  twice,  first  just  after 
the  first  cultivation,  when  the  vines  are  three  inches  high, 
and  again  about  the  time  they  are  in  blossom.  He  believes 
it  best  to  sell  in  the  fall  and  avoid  the  extra  handling 
required  for  holding  over  winter.  In  following  clover  he  is 
not  troubled  with  the  scab  and  no  seed  rots  in  the  ground. 
This  latter  he  believes  due  to  his  having  the.ground  in  good 
condition,  not  plar.ting  too  early,  and  to  his  care  in  select- 
ing smooth,  even,  solid  potatoes  for  seed.  He  finds 
Early  Rose  the  best  yielder,  but  also  grows  Early  Ohio  and 
Burbank's  seedling. 

Mr.  George  L.  Gordon,  of  Willow  Creek,  has  been  ver^*- 
successful  in  potato  culture.  Early  Standard,  Rural  New^ 
Yorker,  Bliss*  Triumph,  and  Crown  Jewel  all  do  well  with 
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him.  He  prefers  bench  land,  and  has  found  it  fully  ten  days 
earlier  than  the  bottom.  The  crop  does  equally  well  follow- 
ing wheat,  oats  or  peas.  His  plan  is  to  plow  as  early  in  the 
spring  as  possible,  and  harrow  lightly  to  smooth  the  sur- 
face, then  let  it  stand  until  the  first  of  May,  when  all  the 
foul  seeds  will  be  nicely  started  and  easily  destroyed.  He 
replows  the  land  at  planting  and  drops  the  seed  pieces  ten 
inches  apart  in  every  third  furrow,  a  fourteen-inch  plow 
being  used.  The  first  plowing  is  seven  inches  deep  and  the 
second  only  five,  which  leaves  two  inches  of  loose  soil  under 
the  seed.  In  preparing  the  seed  medium  potatoes  are  cut 
into  four  pieces,  regardless  of  the  number  of  eyes.  He  irri- 
gates but  once,  unless  the  season  is  unusually  dry,  and  this 
is  done  about  the  tinie  of  blossoming.  His  cultivation  is 
done  with  a  double  shovel  plow,  excepting  just  preceding 
•  irrigation,  when  a  single  shovel  is  used,  so  as  to  leave  a 
good  ditch  for  the  water.  He  harvests  with  a  potato  fork, 
and  sells  in  the  fall,  delivering  at  Butte  in  car  lots.  Scab  has 
not  found  its  way  into  his  fields,  but  he  is  troubled  by  seed 
rotting  in  the  ground. 

The  Rundell  brothers,  whose  ranch  is  located  on  the 
Antelope,  near  Pony,  have  made  a  business  of  growing 
potatoes  for  the  Butte  market  for  a  number  of  years.  They 
reply  as  follows  concerning  their  methods:  **Any  good 
upland  soil,  free  from  alkali  or  reasonablj'-  so,  is  suitable  for 
a  good  crop.  To  obtain  such  crop  with  the  least  effort  we 
prefer  native  sod,  growing  two  crops  on  the  same  ground  in 
succession,  the  second  crop  being  by  far  the  better.  We 
seldom  use  the  same  ground  more  than  two  3'ears  in  succes- 
sion, since  it  seems  inclined  to  scab,  and  especially  so  if 
manure  is  used.  Of  course,  we  cannot  always  have  native 
sod,  and  for  our  methods  of  field  culture  we  cannot  manure. 
Next  to  the  native  sod  we  therefore  prefer  to  follow  a 
nitrogenous  crop,  such  as  clover,  alfalfa  or  peas,  but  we 
find  the  cultivation  more  difficult.  We  usually  plow  in  the 
spring  tight  to  twelve  inches  deep,  and  think  there  is  little 
difference  in  results  between  fall  and  spring  plowing. 

"In  an  experience  of  sixteen  years  growing  for  market 


8  THE  MONTANA  EXPERIMENT  STATION. 

we  have  tried  almost  ever}'  way  of  planting,  but  for  the 
past  several  years  have  used  the  Aspinwall  planter  exclu- 
sively, and  got  the  best  results  from  rows  three  and  one-half 
feet  apart,  with  one  seed  piece  dropped  every  fifteen  inches 
in  the  row.  We  cut  by  hand  and  make  sure  that  there  is 
one  good  strong  eye  on  each  piece,  which  is  all  that  is  neces- 
sary, provided  the  cutting  is  large  enough  to  nourish  the 
3'oung  plant  until  the  roots  have  developed  sufficiently  to 
take  nourishment  from  the  soil.  The  depth  of  planting 
should  be  determined  bv  the  time  and  kind  of  weather.  II 
hot  and  dry  the  depth  should  be  greater  than  when  cold  and 
wet ;  generally  speaking,  from  two  to  six  inches  is  about 
right. 

**As  to  cultivation,  if  the  ground  is  weedy  at  the  time 
the  plants  begin  to  come  up,  cross-harrowing  the  piece  will 
give  the  weeds  a  setback  and  destroy  few  potatoes.  A  two- 
horse  cultivator  is  used  as  soon  as  the  rows  can  be  easilv 

■r 

traced ;  this  is  followed  in  a  few  daj's  by  the  hoe.  Ten  days 
later  the  cultivator  is  used  again,  the  plows  set  deep, 
hilling  up  as  much  as  possible.  A  large  single-shovel  plow 
is  used  to  run  the  deep  furrows  for  irrigation  when  the 
potatoes  begin  to  bloom.  Then  all  cultivation  should 
cease.  Scattering  weeds  that  appear  after  this  date  are 
pulled  out. 

**  Irrigation  is  by  far  the  most  intricate  problem  of  the 
business.  Ordinarih^  we  give  from  one  to  three  irrigations, 
depending  on  the  season,  kind  of  soil  and  time  of  planting. 
The  grower's  judgment  must  play  an  important  part  in 
this  matter.  The  best  general  rule  is  to  irrigate  when  the 
vines  begin  to  bloom,  again  three  weeks  later,  then  shut 
the  water  off  for  the  season  and  let  the  potatoes  dry  up. 

*'  For  harvesting  we  use  a  Hoover  digger,  sacking  a  few 
carloads  in  the  field  for  immediate  shipment ;  the  rest  are 
stored  to  be  sold  during  the  winter  and  spring.  Scab  is 
prevented  by  care  in  the  selection  of  seed  and  by  frequent 
change  of  soil.  At  present  in  our  markets,  Mills'  Prize 
stands  at  the  head  of  the  list  for  general  crop,  with  Beauty 
of  Hebron  for  first  eariv.*' 
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From  Mr.  F.  W.  Schauer,  a  prosperous  grower  at 
Laurel,  in  the  Yellowstone  valley,  I  learn  that  he  prefers  a 
sandj''  loam,  with  a  crop  of  alfalfa,  clover  or  rape  plowed 
under  in  the  fall,  and  still  he  has  succeeded  well,  following 
com,  peas  or  wheat.  In  the  latter  case  spring  and  fall 
plowing  do  equally  well,  but  the  depth  should  be  at  least  six 
inches,  and  as  much  deeper  as  you  can  conveniently  make  it. 
He  uses  no  fertilizer,  makes  the  soil  fine  and  smooth,  and 
plants  in  drills  three  feet  apart,  with  one  piece  every  sixteen 
inches  in  the  row.  He  covers  four  to  six  inches  deep,  and 
has  no  trouble  with  seed  rotting  except  in  very  wet  seasons. 
He  cuts  to  as  few  eyes  as  possible,  and  leave  the  piece  large 
enough  to  give  the  plant  a  good  start.  In  cultivation  he 
practices  shallow  stirring  until  the  potatoes  begin  to  set, 
when  he  hills  them  up  and  furrows  for  irrigation.  This  he 
gives  whenever  the  crop  needs  water,  without  an^^  particu- 
lar attention  to  the  period  of  growth.  The  digging  is  done 
with  a  fork,  and  the  potatoes  are  sacked  in  the  field.  Scab 
is  prevented  b3'  a  system  of  rotation,  changing  ground  each 
season.  He  grows  the  Ironclad,  Rural  New  Yorker,  Free- 
man, World^s  Fair  and  Burpee^s  Earliest,  but  considers  the 
first  three  the  best  for  all  markets. 

VARIETY    TEST. 


SOIL. 

Potatoes  do  well  on  a  great  variety  of  soils,  but  the 
requisites  are  that  it  must  be  rich,  well  drained  and  thor- 
oughly prepared.  Growers  generally  agree  that  a  rich 
sandy  loam  is  best,  that  heavy  clay  should  be  avoided, 
unless  it  is  especially  prepared  by  plowing  under  clover  or 
some  other  green  crop  to  make  it  loose  and  mellow,  and 
that  low,  wet  land  will  not  produce  a  crop  of  good  quality-. 
It  is  generally  believed  that  potatoes  of  the  best  qualit\'  and 
finest  flavor  are  produced  by  a  light  sandj^  loam  Mr.  J.  F. 
Duggar,  of  the  United  States  Department  of  Agriculture, 
said  in  a  recent  Farmers'  Bulletin  on  the  subject:    **The 


10         THE  MOxXTANA  EXPERIMENT  STATION. 


ideal  soil  for  this  crop  should  be  one  so  light  as  to  offer  no 
great  resistance  to  the  enlargement  of  the  tubers,  so  sup- 
plied with  organic  matter  as  to  be  rather  moist  without 
being  wet,  and  so  rich  as  to  famish  an  unfailing  supply  of 
fertilizing  ingredients." 

The  soil  of  the  Station  farm  is  bv  no  means  a  model  one 
for  potatoes.  Its  analysis  may  be  found  in  Bulletin  No.  7. 
It  would  be  classed  as  a  medium  clay,  one  on  which  for  best 
results,  potatoes  should  follow  a  clover  crop  plowed  under 
in  the  fall.  The  land  used  for  the  variety  test  had,  the  pre- 
vious season,  grown  a  crop  of  barley  strongW  infested  with 
wild  oats. 

CULTIVATION. 

The  ground  was  plowed  in  the  fall  to  a  depth  of  six 
inches  and  thoroughly  worked  over  in  the  spring  with  an 
Acme  pulverizer  just  preceding  the  planting.  In  keeping  the 
soil  loose  and  free  from  weeds,  much  hand  labor  is  saved  by 
the  very  thorough  preparation  of  the  seed  bed  and  cultiva- 
tion with  the  harrow  previous  to  and  at  the  time  of  coming 
up.  All  cultivation  should  be  shallow,  unless  the  ground 
becomes  packed  or  weedy,  when  deeper  working  may  be 
necessar\',  in  order  to  make  the  soil  mellow  or  destroy  the 
weeds. 

The  variety  plats  were  cross -harrow^ed  when  the  plants 
were  just  beginning  to  come  through  the  ground,  and  given 
three  additional  cultivations  with  a  Planet  Jr.  implement 
by  the  time  they  w^ere  fully  in  bloom.  In  the  last  going 
over  the  hillers  were  put  on  and  set  to  throw  the  dirt  well 
toward  the  row^s. 

The  plats  as  a  whole  received  but  one  irrigation  and 
that  was  given  at  a  time  when  most  of  the  varieties  were  in 
bloom,  but  by  a  break  in  the  ditch  running  near  the  piece  a 
portion  of  several  plats  was  flooded  two  or  three  times, 
making  the  ground  hard  and  lessening  the  gi'owth  of  vines 
and  yield  of  potatoes. 
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PLANTING. 

The  planting  was  done  May  10th  and  11th  with  an 
Aspinwall  planter,  set  to  drop  one  seed  piece  every  thirteen 
inches,  in  rows  three  feet  apart.  The  depth  of  planting  was 
four  inches,  and  the  seed  potatoes  were  cut  with  an  Aspin- 
wall machine. 

The  following  tabulated  statement  shows  the  total  and 
salable  yields  in  pounds,  the  per  cent,  of  small  or  unsalable, 
and  the  per  cent,  of  stand,  also  the  gross  yield  in  pounds 
for  1894,  where  the  same  variety  was  grown  both  seasons, 
and  the  average  for  the  two  seasons. 

With  few  exceptions  all  the  seed  potatoes  for  the  variety 
test  of  1894  came  from  the  seed  store  of  J.  C.  Vaughan, 
Chicago.  The  varieties  added  in  1895  were  received  from 
the  following  sources :  From  Henry  A.  Dreer,  Philadelphia, 
Early  Puritan,  Lightning  Express  and  Irish  Daisy;  Peter 
Henderson  &  Co.,  New  York,  Early  Norther,  Vanguard, 
Charles  Downing,  Snowdrop,  New  Ideal  and  Rural  Blush ; 
J.  C.  Vaughan,  Carman,  No.  1,  Irish  Cobbler,  Pedigree, 
Early  Rose,  Dandy  and  Maggie  Murphy;  W.  Atlee  Bur- 
pee, Philadelphia,  Great  Divide,  Prince  Edwards  Island 
Rose,  Burpee's  Superior,  Burpee's  Extra  Early,  Empire 
State,  White  Elephan:t  and  White  Star;  John  A.  Salzer  Co., 
La  Crosse,  Early  Wisconsin,  Salzer's  Earliest,  Early  Six- 
Weeks,  Prize  Taker,  Harvest  Kin^,  Early  Cyclone,  Fill- 
basket,  Oregon  Pearl,  Quick  Return  and  Hundredfold.  Two 
varieties  were  fumifehed  by  W.  W.  Wylie,  and  one  each  by 
Clinton  Wilson  and  John  M.  Robinson,  of  Bozeman;  also 
one  bv  Hon.  H.  W.  Warner,  of  South  Dakota. 
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VARIETY    COMPARISON. 


Table  I. 


Yield  in  Lbs. 
per  acre. 


iTotal.  ISarble    £ 


a^ 

^    "^ 
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o    ® 

5  o 

«2  O 

p^<^ 

re    ® 

H 

5  -"^ 

h- * 

00 
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Delaware 

Leviathan 

Alexander's  Prolific 

Burpee's  Superior 

Early  Norther 

White  Star 

Prize  Taker  

Rui*al  New  Yorker  No.  2 

Freeman 

New  Ideal 

Wilson's  Choice 

White  Elephant 

Arizona 

Campbell 

Maggie  Murphy 

Summit 

Oregon  Pearl 

Early  Polaris 

Wylie 

Early  Ohio 

Leviathan 

Thorburn 

American  Wonder 

Lightning  Express 

Hundredfold 

Crown  Jewel 

Charles  Downing 

Empire  State 

Early  Vaughan 

Reed's  Eighty-Six 

Quick  Return 

Six  W^eeks  Market 

Prince  Edwards'  Inland  Rose. 

Warner's  Blush 

Lee's  Favorite 

Vanguard 

Snowdrop 

Early  Telephone 

Rose  Seedling 

Harvest  King 

Irish  Cobbler 

Acme  Seedling 

Beauty  of  Hebron 


4,620 
6,407 
5,637 
7,342 
6,050 
4,620 
5,060 
7,315 
4,207 

Arf,  i  *d^ 

6,9.30 

7,892 

6,105 

6,270 

5,445 

6,270 

4,070 

3,822 

7,865 

4,647 

6,985 

4,565 

6,462 

3,740 

4,620 

7,095 

6,a36 

6,116 

1,848 

5,104 

5,060 

2,684 

1,980 

3,366 

1,672 

7,216 

4,202 

3,0801 

3,8281 

6,996, 

3,388 
6,622l 


4,235 
5.967 
5,170 
6,545 
5,610 
4,152 
4,702 
6,488 
3J40 
2,610 
6,407 
7,067 

5,445' 

5,253l 

5,9401 

3,740| 

3,685 

7,315 

4,235 

6,545 

4,235 

6,077 

3,273 

4,290 

6,380 

5,874 

5,676 

1,540 

4,532 

4,48S 

2,288 

1,848 

2,892 

1,540 

6,424 

3,826 

2,728 

3,608 

6,754 

5,082^ 

3,03() 

6,116 


8.3 
7. 
8.3 
11. 
7.3 

10. 

^ 
t. 

11. 

11. 

4. 

7.5 
10.5 

5. 
13. 

3.5 

5. 

8. 

3.5 

t. 

9. 

6.3 

7.5 

6. 
12.5 

19. 
7. 

r"    .» 

i.V) 

16.6 
11. 
11. 
14. 

6.6 
14. 

8. 
11. 
10. 
11.5 

6. 

3.5 

4.51 
10.51 

t.Ol 


59.6 

74.4 

^»" 
i  t. 

86.4 

77.71 

51.4i 

52.2, 

59.2 

65.41 

28.8! 

57.61 

72.4 

60.  ^ 

77. 

66.2 

65. 

58. 

49. 

67. 

70. 

54.7 

63. 

70. 

54.3 

64.6 

65.8 

80.6 

76. 

47.7 

70.4 

72.7 

65.4 

40.4 

75. 

32.5 

75. 

54.6 

43. 

50.3 

74.6 

73. 

64.4 

60. 


17,368! 
10,200 
20,011 


10,994 

8,124 

12,824 


12,8251  10,069 


13,168 

17,621 
10,636 

11,600 

10^830 

8,867 

13,133 
19,251 

14,747 


8,688 

11,863 
8,453 

8,935 

7,326 

6,757 

8,844 
12,856 

10,921 


7,252     4,550 
13,538     9,321 


10,621 
11,292 


6,758 
15,404 


6,147 
9,254 


5,076 
11,013 
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VARIETY  COMPARISON.       TABLE  1— CONTINUED. 


Yield  in  Lbs. 
per  acre. 


1  Total.  ISarble  2 


> 


o 

•1 


00  c  2 


Barpee's  Extra  Early 

Irish  Daisy 

Wylie'8  White 

World's  Fair 

Rural  Blush 

Dandy  

Early  Oxford 

Great  Divide 

Carman  No.  1 


2,816^ 
6,072 

2,552 
4,972 

9.3 
18. 

40. 
72.7 

6,666 

6,446 

3.5 

60. 

4,996 

4.644 

12. 

57.6 

11,884 

4,136 

3,674 

11. 

70.4 

9.436 

5,126 

4.862 

0. 

60. 

6,314 

5,984 

5.3 

62.5 

16,820 

5,192 

4,620 

11. 

76.3 

5,280 

4,752 

10. 

77.3 

8,440 
6,786 

11,567 


On  account  of  the  very  low  per  cent,  of  stand,  the  weak, 
unhealthy  growth  of  the  vines  and  the  small  3'^ield  and  poor 
quality  of  the  potatoes,  the  follow^ing  kinds  were  not 
included  in  the  tabulated  statement : 

Early  Puritan,  Fillbasket,  Red  Ohio,  Earh'-  Cyclone, 
Early  Wisconsin,  Salzer's  Earliest,  Pedigree  Early  Rose, 
Blue  Victor,  Snowflake,  Mammoth  Pearl  and  State  of 
Maine. 

It  will  be  noted  from  the  column  headed  per  cent,  of 
stand  in  the  table,  that  the  stand  was  very  irregular  and 
none  perfect.  In  some  instances,  not  included  in  the  report, 
it  was  as  low  as  four  hills,  out  of  a  possible  two  hundred 
forty-three,  and  many  varieties  having  a  better  stand,  were 
weak  and  spindling  in  their  growth,  showing  a  lack  of  vigor 
throughout  the  season.  This  was  especially  noticeable  in 
eastern  grown  seed,  but  in  a  few  of  the  best  stands  the  seed 
came  from  the  same  source.  The  imperfect  stand  was  due 
to  the  seed  pieces  rotting  during  the  cold,  damp  weather 
immediately  following  the  planting.  Since  all  varieties 
were  planted  wnthin  twenty -four  hours  of  each  other,  in  the 
same  character  of  soil,  the  stand  mav  be  taken  as  a  test  of 
the  hardiness  of  the  different  varieties,  or  rather  their 
ability  to  withstand  the  cold,  damp  weather  likely  to  occur 
here  during  the  seeding  season.  In  1894?  the  weather  con- 
ditions were  more  favorable,  the  stands  better  and  the 
growth  more  vigorous,  as  the  larger  yield  indicates. 
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DEPTH    OF    PLANTING. 

The  depth  of  planting  in  general  practice,  depends,  to 
some  extent,  on  the  soil,  time  of  planting  and  the  variety. 
For  the  earliest  planting,  before  the  soil  has  warmed  down 
very  far,  shallow  covering  will  insure  quicker  growth  and 
the  seed  will  be  less  liable  to  rot.  Two  to  three  inches  is 
best  for  the  early  plantings.  While  this  depth,  no  doubt, 
gives  a  greater  per  cent,  of  sun  burnt  potatoes;  the  loss  is 
more  than  compensated  by  the  better  stand  secured  and  the 
time  gained  in  maturity.  For  the  main  crop,  four  to  five 
inches  is  the  usual  depth,  but  many  advocate  deeper  plant- 
ing, believing  that  the  greater  depth  gives  a  larger  j^ield  and 
better  quality. 

It  was  to  determine  something  definite  in  depth  of 
planting  the  main  crop  on  Gallatin  Valley  soil  that  an 
experiment,  embracing  the  subject,  was  begun  last  season. 
The  results  must  be  regarded  as  mereh'  suggestive,  for  it  is 
only  by  the  average  of  several  3'ears  work,  that  reliable 
conclusions  are  reached.  The  experiment  consisted  of  seven 
rows,  each  eight  rods  long  and  each  planted  at  a  different 
depth,  varying  from  two  to  ten  inches.  The  planting  was 
done  by  hand  May  18th.  Beauty  of  Hebron,  machine  cut, 
being  used  for  seed.  The  rows  were  three  feet  apart  and  one 
seed  piece  planted  everj^  thirteen  inches  in  the  row.  The 
shallow  plantings  came  up  earlier,  matured  earlier  and  were 
more  x-igorous  throughout  the  season  than  the  deep  plant- 
ings. The  decline  in  size  and  vigor  of  vine,  plainh^  began 
with  the  depth  of  five  inches  and  increased  to  the  deepest. 
The  table  following  gives  the  comparative  results : 
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DEPTH  OF  PLANTING. 


Two  inches  deep . . 
Three  incbes  deep 
Four  inches  deep. 
Five  inches  deep . . 
Six  inches  deep  . . 
Eight  inches  deep 
Ten  inches  deep . . 


Yield  in  Lbs. 

ana 

3  2 

c  2 

per  acre. 

5s  0 

ent. 
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1- 

Total 

[Salable 

8,400 

5,737 

20. 

11. 

6,435 

4,944 

13. 

10. 

6,314 

5,355 

6. 

9.6 

3,651 

3,268 

10.6 

.0 

4,643 

4,073   12,2 

.0 

2,593 

2,393     5.4;      .0 

839 

797 

;    5. 

.0 

o  o 

Q* 

65.5 
43.8 
35.5 
26.4 
43. 
22.3 
8.2 


It  will  be  seen  from  the  table  that  while  the  stand  is,  in 
no  case,  good,  there  is,  with  one  exception,  a  constant 
decrease  in  per  cent,  with  the  increase  of  depth.  The 
damage  from  exposure  differs  but  slighth^  in  the  two,  three 
and  four  inch  depths,  but  it  entirely  disappears  after  the 
five  inch  covering  is  .reached.  The  largest  per  cent,  of 
unmerchantable,  reaching  nearly  one-third  of  the  product, 
occurs  in  the  shallowest  planting.  Farther  experiments 
ma^'  materially  change  some  of  these  results. 

QUANTITY  OF  SEED. 

The  various  methods  of  cutting  and  planting  seed 
potatoes,  followed  by  practical  growers,  indicate  a  wide 
range  in  the  quantity'  of  seed  used  per  acre,  ^y  reference  to 
the  methods  of  some  successful  producers,  detailed  in  the 
fore  part  of  this  bulletin,  it  w^ill  be  seen  that  some  advocate 
a  much  more  liberal  use  of  seed  than  others.  Many  gi'ow- 
ers,  of  long  experience,  claim  that  they  uniformly  obtain  not 
only  the  larger  total  yield  from  light  rather  than  from 
heavy  seeding,  but  also  the  greater  yield  of  salable  potatoes. 
The  results  of  Experiment  Stations  show  that  the  total 
yield  increases  with  the  quantity  of  seed,  but  the  salable 
increase  is  not  in  proportion  to  the  total,  nor  is  the  increase 
beyond  a  certain  quantity  a  profitable  one,  on  account  of 
the  greater  quantity  of  seed  required. 
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In  order  to  assist  in  determining  what  methods  are  best 
to  follow  in  cutting  and  planting  potatoes,  a  series  of 
experiments  was  begun  last  season,  in  which  drills  planted 
thick  and  thin,  were  compared  with  hills  planted-  with 
different  numbers  of  seed  pieces  per  hill,  and  whole  potatoes 
of  different  sizes  planted  in  both  hills  and  drills,  were  com- 
pared with  seed  pieces  of  various  kinds.  The  results  are 
given  in  tables  III  and  IV.  The  rows  were  all  three  feet 
apart.  The  seed  poiatoes  for  table  III  were  machine  cut, 
and  those  for  table  IV  cut  by  hand  to  a  definite  number  of 
eyes,  the  piece  of  tuber  in  each  case  being  large  enough  to 
insure  the  plant  a  vigorous  start.  The  variety  known  as 
World's  Fair,  was  used  for  seed,  being  taken  from  the  bin 
without  special  selection  other  than  throwing  out  unsal- 
able and  imperfect  ones.  A  row  two  rods  in  length  was 
used  for  each  method. 


Table  III. 


HILLS   VERSUS  DRILLS.— HILLS. 


Yield  in  Lbs. 
per  acre. 


Total.  Salable 


ss  ^ 

ST® 


O   O 


One  seed  piece  every  3J^  feet 
Two  seed  pieces     "      **      " 
Three  **        "         "      "       "     . 

Four     "        **  "      "       *' 


5,8;J0 

7,040 

8/277 

11,495 


DRILLS. 


One  seed 

piece  every  G  inches 

4k           ifc 

kk 

8 

kk 

kk           ti 

10 

a 

(i       a 

12 

u 

(k               »i 

14 

u 

i;       kk 

16 

ii 

kk       kk 

18 

(t 

kk       t( 

on 

.( 

9,82o 

6,985 

27.4! 

8,993 

6,602;  26.6 

12,540 

9,560 

15.7 

13,832 

12,402 

10.3 

9,707 

8,360 

13.8 

8,525 

6,765 

20.6 

10,725 

9,322 

13. 

10,670 

9,990 

9. 

80.3 
83.6 
74.3 

iO.t 

75. 

95.8 

86.3 

89.4 
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Table  IV. 


WHOLE  POTATOES  VERSUS  CUTTINGS.— DRILLS. 
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Yield  in  Lbs. 
per  acre. 


Total.  (Salable 


ST® 

Is 


o  a> 


1  piece  with  one  eye  every  12  inches 

<>  (4  t(  k4  4{  (( 

1  " 

O         U 


»*     two     ** 

((         fc(         i( 


u 
u 


it 

4( 


k4 


1  half  potato  every  12  inches 

O  44  44  44  44  44 

1  average  whole  potato  every  12  inches 

O  44  44  44  4.  44 

I  small  potato  every  12  inches 

O  44  44  44  44  4t 

^  .  .  .  < 

1  mediam  potato  every  IS  inches 

O  44  44  44  44  44 

1  large  potato  every  12  inches 

«>  44  44  44  41  44 


HILLS. 


1  piece  with  one  eye  every  3J^  feet 

k>     44       H  44     44       44       44       44 

i  "   "  two  "   "   "   " 

ty  44      44      44    44      44      44      44 

1  half  potato  every  3J^  feet 

O        44  44  4i  44  44 

1  small  potato  every  3\i  feet 

<>  44  44  •      44  '4T         44 

1  medium "  "       "     "    .  . 

O  U  44  44  44  44  • 

^  ...... 

1  medium  potato  every  3J2  f©©t 

*>  44  k4  44  44  •44 

1  large  "  "      "      "    .,. 

o 


hi 


4V 


44 
44 


44 
44 


44 


7,920 

6,600 

16.6 

6,985 

5,060 

27.5 

11,824 

10,3l{7 

12,5 

10,015 

8,277 

21.5 

10,285 

6,627 

35.5 

10,202 

4,647 

54.4 

24.575 

20,057 

18.4 

18,287 

10,202 

44.2 

9,625 

6,105 

36.5 

12,210 

5,280 

56.7 

25,350 

22,275 

15.8 

22,440 

13,944 

3'/.8 

11,962 

9,433 

21. 

12,595 

8,993 

28.6 

70. 

88. 

90.9 

97. 

88. 

88. 

m, 

94. 
88. 
85. 
82. 
67. 
82. 
85. 


6,951 

6,297 

9.5 

4,867 

3,960 

18.6 

6.160 

5,445 

11.6 

5,720 

5,0.33 

12. 

7,150 

6,930 

3. 

11,880 

9,010 

15.7 

10,202 

9,680 

0. 

12,595 

11,385 

9.6 

7,205 

6,765 

6. 

8,965 

7,590 

15.3 

8,525 

8,030 

5.8 

9,680 

8,910 

8. 

14,713 

13,867 

5.6 

14,520 

12,760 

12. 

100. 
100. 
100. 
100. 

88. 
100. 
100. 
100. 

88. 
100. 
100. 
100. 

88. 
100. 


SEED  ENDS  OFF.— DRILLS. 


1  small  potato  every  15  inches .... 
1  medium  "  "  **  "  .... 
1  large        "  "       "        "      .... 

1  piece  with  2  eyes  every  15  inches 


16,115 

14,355 

10.9 

12,375 

11,055 

10.6 

12.897 

11,000 

14.7 

11,510 

10,037 

13. 

80. 

92. 

80. 

100. 


HILLS. 


1  small  potato  every  3^^  feet 1  10,313 

1  medium"         "        "      "     9,597 

1  large       "         "        "      "     9,240 

1  piece  with  two  eyes  every  3J^  feet ^  6,242 
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It  will  be  seen  from  the  table  that  with  a  few  exceptions, 
in  the  heavier  seeding,  the  drills  gave  by  far  the  greater 
total  yields,  though  the  per  cent,  of  unsalable  was 
decidedly  larger.  In  hills,  the  best  \aeld  from  cutting  was 
obtained  from  four  seed  pieces,  machine  cut,  per  hill,  while 
in  drills,  the  greatest  yield  from  the  same  source  was  given 
by  one  seed  piece,  machine  cut,  every  twelve  inches,  but 
in  both  hills  and  drills  the  greatest  returns  came  from  whole 
potatoes,  viz:  in  drills  from  one  medium  potato  planted 
every  twelve  inches  and  in  hills  from  one  large  potato,  ever3' 
three  and  a  half  feet.  An  average  of  the  yields  from  whole 
potatoes  of  the  different  sizes,  computed  in  pounds  per  acre, 
gave  the  following  results :  Average  of  four  plats  of  small 
potatoes,  11,158;  six  of  medium,  18,143  and  four  of  large, 
13,442. 

It  is  the  general  belief  that  degeneration  will  result  from 
the  continuous  use  of  small  potatoes  for  seed.  A  few 
farmers,  who  have  made  a  practice  of  selecting  the  largest 
of  the  unsalable  potatoes  and  planting  them  whole,  claim, 
after  a  number  of  3'ear*s  experience,  that  no  deterioration 
results  from  such  practice.  From  the  results  of  the  differ- 
ent Stations  that  have  made  experiments  in  this  line,  it  is 
found  that  they  very  generalh^  agree  that  small  tubers, 
planted  whole,  may  be  used  for  seed  for  at  least  a  few  years 
without  materially  reducing  the  yield  or  quality  of  the  crop. 
Experiments  have  not  been  in  progress  long  enough  to  deter- 
mine if  degeneration  will  finally  result  trom  their  continued 
use.  Until  something  more  definite  and  conclusive  is 
determined,  it  seems  best,  except  in  special  cases,  to  con- 
tinue the  practice  of  carefully  selecting  seed  potatoes. 

The  following,  from  Farmers'  Bulletin  No.  35,  issued 
b\'  the  U.  S.  Department  of  Agriculture,  gives  a  very 
accurate  estimate  of  the  number  of  bushels  required  per  acre 
by  the  different  methods  commonly  followed  in  cutting  and 
planting:  "  A  bushel  of  potatoes  (60  pounds)  may  contain 
240  quarter-pound  tubers.  When  the  seed  pieces  are 
planted  a  foot  apart  in  3-foot  rows,  an  acre  requires 
14,520    sets.      When    tubers,   averaging   four    ounces,    are 
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employed,  an  acre  requires,  at  these  distances,  60  bushels 
for  planting  whole  potatoes,  30  bushels  when  halves  are 
used  and  15  bushels  when  quarters  are  planted.  In  a 
number  of  tests  the  amount  of  seed  cut  to  2  eyes,  spaced  1 
by  3  feet,  averaged  13  bushels  per  acre,  the  usual  range 
being  from  10  to  14  bushels.  In  18  experiments  with' many 
varieties,  the  average  amount  of  seed  cut  to  single  eyes  was 
at  these  distances,  6.3  bushels  per  acre,  the  usual  range 
being  from  5  to  7  bushels,  though  the  varieties  with  large 
tubers  bearing  few  eyes  required  considerably  more  seed. 

**Results  which  follow  ii\  these  pages  suggest  that  it  is 
generally  advisable  to  plant  at  least  15  to  30  bushels  per 
acre." 

The  following  concerning  the  effects  of  size  of  seed  pieces 
on  the  yield  of  crop  is  also  taken  from  the  same  Bulle- 
tin. As  indicated  above,  the  facts  given  are  deduced 
from  the  average  results  of  numerous  State  Experiment 
Stations. 

EFFECT  ON  TOTAL  YIELD. 

'*In  making  up  the  averages  below  it  was  found  practi- 
cable to  use  the  results  of  19  tests  of  single  eyes  vs.  2-e3'e 
pieces,  4  tests  of  2-eye  cuttings  vs.  quarters,  17  comparisons 
of  quarters  and  halves,  and  44  tests  of  halves  vs.  whole 
potatoes.  The  results  of  other  experiments  less  com- 
pletely reported  were  used  for  the  purpose  of  corroboration. 

The  following  table  shows  the  average  results  of  these 
tests,  including  potatoes  of  all  sizes :  '* 

AVERAGE     DIFFERENCES    PER     ACRE    IN    TOTAL    YIELDS     FROM 

DIFFERENT  SEED   PIECES. 


Excess  from  use  of— 

2  eye  pieces  over  1-eye  pieces 

Quarters  over  2  eye  pieces 

Halves  over  quarters 

Whole  tubers  over  halves 


Bushels. 

Per  cent. 

20 

21 

15 

1() 

24 

18 

31 

18 

20 
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**If  we  compare  all  the  total  yields  with  the  total  yield 
produced  by  single  eyes,  we  have  an  increase  of  21  per  cent, 
for  2-eye  pieces,  41  per  cent.,  for  quarters,  67  per  cent.,  for 
halves,  and  96  per  cent,  ior  entire  tubers.  The  total  yield 
resulting  from  planting  whole  potatoes,  is  practically 
doublt  that  obtained  by  planting  single  ej'es.  *' 

EFFECT  ON  GROSS  SALABLE  YIELD. 

**By  averaging  the  results  of  the  experiments  referred  to 
above,  we  find  that  the  actual  increase  in  the  potatoes  of 
salablesize,  due  to  using  larger  seed  pieces,  was  as  follows:" 


AVERAGE  DIFFERENCES  PER  ACRE    IN  GROSS  SALABLE    YIELDS 

FROM  DIFFERENT  SEED  PIECES. 


Excess  from  use  of— 

2  eye  piebes  over leye  pieces 
Quarters  over  2-eye  pieces  . . 

Halves  over  qaarters 

Whole  tubers  over  halves 


Bushels. 


23 
10 
15 
14 


Per  cent. 


21 
15 
15 
10 


Every  increase  in  the  size  of  the  seed  pieces  was  followed 
by  an  increased  gross  salable  yield. 

The  true  test  of  profit  is  the  market  value  of  the  crop 
produced,  less  the  cost  of  seed  planted. 

The  following  table  shows  the  actual  average  results  for 
the  net  salable  yield ;  that  is,  the  crop  after  deducting  the 
small  potatoes  and  the  seed  used  : 

AVERAGE    DIFFERENCES     PER     ACRE    IN    NET    SALABLE    \7ELD 

FROM  DIFFERENT  SEED   PIECES. 


Excess  from  use  of— 

2-eye  pieces  over  leye  pieces 
Quarters  over  2-eye  pieces  . . . 

Halves  over  quarters 

Halves  over  whole  tubers 


Bushels. 

Per  cent. 

15.0 

14 

7.0 

15 

5.0 

6 

8.5 

8 
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The  amount  of  the  net  salable  crop  rose  with  the 
increase  in  the  size  of  the  cutting  employed,  but  when  the 
whole  potato  was  planted,  the  figures  declined,  on  account 
of  the  large  amount  of  seed  potatoes  which  had  to  be 
deducted.  The  above  figures  indicate  a  very  slight  advan- 
tage in  planting  halves  rather  than  quarters  when  the  price 
of  seed  and  of  crop  produced  are  the  same.  As  a  matter  of 
fact,  spring  prices  are  usually  somewhat  higher  than  fall 
prices.  A  higher  price  for  seed  potatoes  may  make  it 
profitable  to  plant  smaller  pieces  (as  for  example,  quarters) 
than  would  be  economical  where  seed  and  crop  command 
the  same  price  per  bushel.^' 

SEED  POTATOES  CUT  DIFFERENT  LENGTHS  OF  TIME  BEFORE 

PLANTING. 

There  is  an  idea  prevalent  that  seed  potatoes  cut  several 
days  before  planting,  give  better  results  than  freshly  cut 
pieces.  The  few  experiments  tried  by  other  Stations,  indi- 
cate, on  the  average,  no  special  difference  in  yield  and 
quality  between  planting  newly  cut  seed  and  that  cut  from 
five  to  eight  da3'S  before  planting.  Much  seems  to  depend 
on  the  soil,  climate,  kind  of  season  and  place  of  storing  cut 
seed.  No  great  disadvantage  would  likely  result  from 
planting  slightly  wilted  seed  in  soil  that  is  kept  well 
moistened  for  some  time  after  planting,  but  a  very  different 
result  might  reasonably  be  looked  for  in  planting  wilted 
seed  in  a  slightly  moist  soil  that  is  likelv  to  become  drier 
during  the  germinating  period . 

If  frequent  rains  come  for  a  few  weeks  after  planting,  no 
loss  is  likely  to  result  from  the  slightly  wilted  seed.  Seed 
pieces  stored  in  an  open  shed  or  room  above  ground  will 
wilt  badly,  while  those  stored  in  a  good  root  cellar  will 
scarcely  show  any  signs  of  wilting. 

From  the  following  table,  giving  the  results  of  last 
season's  experiment,  it  will  be  seen  that  the  stand  and  yield 
show  a  strongly  marked  difference  in  favor  of  the  freshly  cut 
seed.  The  variety  of  potatoes  used  was  Beauty  of  Hebron, 
depth  of  planting  four  inches,  and  the  soil  the  same  as  that 
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used  for  ^he  experiment  in  treatment  of  scab  and  the 
qnantit}'  of  seed  test.  The  seed  pieces  were  placed  in  a 
seamless  sack  and  stored  in  a  rather  open  log  building,  the 
quantity  being  too  small  for  damage  from  heating  and  still 
large  enough  to  prevent  rapid  drying.  The  tubers  had 
been  subjected  to  the  usual  corrosive  sublimate  treatment 
for  scab  before  cutting. 

Table  V. 


SEED  CUT  DIFFERENT  LENGTHS  OF    TIME    BEFORE    PLANTING. 


r"  K 
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Cut  May  17,  planted  May  22 

Cut  and  planted  May  22 

Cut  May  17,  planted  May  27 
Cut  and  planted  May  27 


3,513 

3,493 

6. 

8,167 

7,315 

10.4 

2,125 

1,760 

18. 

8,167 

6,215 

23.9 

34.6 
92.3 

22.7 
80.8 


POTATO  SCAB. 

Although  it  had  already  been  well  established,  first  by 
Prof.  Bolley,  of  the  North  Dakota  Station  and  afterwards 
by  others,  that  corrosive  sublimate  is  almost  a  sure 
preventive  of  this  disease^  an  experiment  was  made 
last  season  to  determine  the  effect  of  other  chemical  com- 
pounds on  the  disease,  and  to  find,  if  possible,  either  with  a 
stronger  solution  of  the  corrosive  sublimate  or  with  other 
compounds,  a  treatment  that  would  effect  the  same  purpose 
•  in  a  shorter  time.  All  the  compounds  used,  in  some  strength 
of  solution,  were  effective  in  reducing  the  scab,  but  none 
except  the  coiTosive  sublimate  gave  a  product  entirely  firee 
from  the  disease,  and  this,  in  no  case,  in  less  time  than  the 
treatment  of  one  hour.  Neither  the  strong  solutions  nor 
long  periods  of  treatment  seemed  to  injure  the  germinating 
power  of  the  tubers,  in  fact  the  most  perfect  plats  in  stand 
and   vigor    of    vines    in    all  the   experiments   were   in    the 
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scabby  division.  Out  of  the  39  plats,  all  were  perfect  in 
stand  but  three.  The  seed  used  was  of  the  variety,  Blue  Victor, 
and  the  tubers  were  entirely  covered  with  the  pits,  in  that 
respect  they  were  in  excellent  condition  for  the  experiment. 

The  table  ** slightly  scabbed'*  includes  all  tubers  that 
showed  only  slight  effects  of  the  disease,  not  enough  to  be 
especially  noticeable  to  the  ordinary  observer  or  to  detract 
from  their  market  value. 

All  degrees  of  scabbiness  beyond  this  were  included 
under  '*badly  scabbed**  but  a  tuber  was  seldom  found  as 
completely  covered  as  was  the  seed  potatoes. 

Table  VI. 


RESULTS  OF  TREATMENT  FOR   POTATO  SCAB. — ZINC  CHLORIDE. 
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50  grams  to  1  qaart  water,  dipped 12,1551  GO.  i  30.2i    0.8 

30  minutes 7,885!  93.5     6.5' 

I  ll,;J50|  51.4'  48.6- 

60       "        i  13,072,  85.3   14.7! 

90       "         i  6.588'  56.4    43.6 

Average  of  4  plats  not  treated I  7,1361  20.1   49.7  30.3 


ZINC  SULPHATE. 


50  grams  to  1  quart  water,  dipped 7,47( 

"         "         "          "       30  minutes Il,t257 

"         »  2    "          "                  **        10,012 

"          "  3    *•          "        60        "         9,545 

'•          "  5    "          "        90        "         7,522 

Average  of  3  r)l!its  not  treated ().623 


44.4i  55.6! 


83.9 
66.3 
59.2 
20.7 
18.8 


16.1 
33.7 
40.8 
79.3 
49.1 


32.1 


POTASSIUM   PERMANGANATE. 


11,153 
13,433 


37,8 1 


40. 


10  grams  to  1  quart  water,  dipped 

"         '•         "  "       30  minutes 

"  "  2    *'  "  "        8,604  39 

«  "  3    *'  "        60        "         10,480'  47. 

**  **  5    "  •*        90        "         I     7,782i  84. 

1  plat  without  treatment I    9,078,  24. 


I  ., 


41.5 

60. 

60.5 

16. 
51.4 


20.: 


24.6 
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RESULTS  OF  TREATMENT  FOR   POTATO  SCAB.       TABLE  VI. 

CONTINUED. 

POTASSIUM   BICARBONATE. 
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gl^ 
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--•CD 
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*<1  p 
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cr 
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cr 
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50  grams  to  1  quart  water,  dipped 

"       30  minutes 

i(  U     <>       it  it  u 

"  "  3    "  "        60        "         ........... 

I  "  5    "  "        90        "         

Average  of  4  plats  without  treatment 

POTASSIUM  SULPHIDE. 

50  grams  to  1  quart  water,  dipped 

"         "  "         **       30  minutes 

''  "  3      "         "        00       "         '.'. . . ...    '. . ! 

"  "5      "         "        90       "         

Average  of  .3  plats  without  treatment 

*Two  tubers.    tOiie  tuber. 
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cr 
cr 


3,996 
8,976 
7,055 
7,730 
8,430 
7,336 


53.3 
51.5 
38.2 
37.6 
57.7 
20.1 


46.7 
48.5 
81.8 
82.4 
42.3 
49.7   30.3 


6,120 

27.1 

72.9 

6,173 

36.1 

63.9 

7,211 

66.2 

a3.8 

8,145 

61.2 

38.8 

8,715 

26.2 

37.5 

6,623 

18.8 

49.1 

* 

t 


36.3 
3vM 


CORROSIVE  SUBLIMATE. 


1  ounce  in  1  quart  water,  dipped 

"  ''  "  15  minutes 

"  2  •*  "  30       '' 

"  3  "  »  30       " 

4>  (J  44  4.  (jy  44 

44  1t>  ii  44  QQ  44 

24  "  "  37  hours.. 

48  "  "  37      "       .. 


4,a30 

93.5 

6.5 

4,252 

45.1 

54.9 

3,165 

86.9 

13.1 

4,818 

85.4 

14.6 

2,802 

100. 

3,217 

90.3     9.7 

4,815 

96.8     3.2 

3,788 

100. 

I  The  methods  of  the  variouH  potato  prowers  herein  quoted  are  given  for  what  they 
arc  worth,  and  without  the  endorsement  of  the  Station.  The  success  achieved  by  tfaem 
in  potato  culture  roudors  their  judg^ment  valuable  to  us. J 
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LUTHER    FOSTER. 


METHODS  IN  COMMON  PRACTICE.-SUnriER  FALLOW. 

The  method  generally'  followed  by  the  farmers  of  the 
Gallatin  valley  is  to  grow  the  small  grain  crop,  whether 
wheat,  oats  or  barley,  on  summer  fallow.  For  best  results 
in  soil  conditions  and  in  freeing  from  weeds,  the  plowing  is 
done  during  the  month  of  June  or  early  part  of  July,  before 
the  first  weed  crop  has  reached  maturity.  Later,  when  the 
second  crop  of  weeds  has  fairly  started,  the  fallow  is  culti- 
vated with  a  disk,  weed  exterminator  or  other  implement 
that  will  most  effectually  destroy  the  foul  stuff  that  has  come 
up.      Not  infrequently  a  second  cultivation  is  necessary'. 

A  failure  to  prevent  the  soil  from  maturing  a  crop  of 
weeds  during  the  season,  will,  in  a  measure,  destro\^  the 
benefits  that  should  accrue  from  the  3'ear  of  rest.  The  fal- 
low is  not  irrigated  during  the  season  of  its  non-production, 
but  the  exposure  to  the  action  of  the  elements,  together 
with  the  cleansing  given  by  the  thorough  cultivation,  puts 
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it  into  fine  mechanical  condition  for  the  next  year's  crop. 

A  well  cultivated  crop  of  roots  or  potatoes  leaves  the 
soil  in  an  almost  equally  good  condition.  Next  to  these  in 
preparing  for  a  grain  crop,  where  the  land  is  cropped  every 
year,  come  the  field  pea ;  but  the  acreage  that  can  be  profit- 
ably covered  by  these  crops  is  comparatively  small.  Until 
more  is  undertaken  in  stock-feeding  and  dairy  husbandry, 
requiring  a  larger  acreage  of  clover,  alfalfa  or  other  foiage 
crops,  the  present  method  of  cropping  the  soil  only  in  alter- 
nate years  will  doubtless  be  continued,  as  the  most  success- 
ful and  economical  management  for  small  grain  production. 

PREPARATION    OF   THE    SEEDBED. 

In  the  spring,  just  before  seeding*  a  careful  double  har- 
rowing will  thoroughly  pulverize  the  surface  a  few  inches 
deep.  Some  prefer  the*  disk,  especially  in  soil  that  has 
packed  too  much  to  be  easily  worked  into  condition  wnth 
the  harrow.  The  final  operation  before  seeding  is  leveling. 
This  evens  up  the  surface  by  rubbing  down  the  high  points^ 
filling  in  the  low  places,  and  crushing  clods  that  remain 
after  the  harrowing. 

SEEDING. 

For  this  a  drill  is  usually  preferred.  The  custom  is  not 
to  follow  with  the  harrow  or  leveler  where  the  soil  is  well 
pulverized,  but  to  leave  the  drill  furrows,  because  of  the  aid 
they  give  in  distributing  the  water  during  irrigation. 

The  above  general  plan  is  that  followed  bj'  those  w^ho 
depend  on  irrigation.  A  somewhat  different  method  is  pur- 
sued with  wheat  in  bench  land  or  foothill  localities 
where  irrigating  is  not  practicable.  Here,  while  the  plow- 
ing is  done  as  above,  the  preparation  for  the  seed  and  the 
planting  are  done  during  the  fall,  not  infrequently  as  early 
as  August.  In  practice,  the  time  of  seeding  varies  from  this 
early,  until  quite  late  in  the  fall,  depending  on  the  kind  of 
wheat  to  be  sown — the  winter  varieties  being  sown  early 
and  the  spring  varieties  late.  As  will  be  seen  further  on,  the 
results  of  a  single  season ^s  experiments  in  sowing  spring 


Bulletin  No.  10.  SMALL  GRAINS.  29 


wheat  in  the  fall  strongly  favor  the  late  sowing,  from  the 
28th  of  October  to  the  19th  of  November. 

In  preparing  the  soil,  if  it  is  plowed  deep  or  plowed  to  a 
moderate  depth,  six  inches,  and  then  loosened  five  or  six 
inches  beneath  this,  as  in  subsoiling,  it  would  aid  greatly  in 
retaining  sufficient  moisture  to  mature  the  crop  where  irri- 
gation is  not  practicable.  It  would  also  aid  in  irrigated 
fields  by  making  it  possible  to  defer  irrigation  until  the 
grain  is  larger  and  aid  in  holding  the  moisture  after  it  is 
given,  so  that  more  than  one  irrigation  would  seldom  be 
necessary. 

In  the  matter  of  loosening  the  subsoil  to  a  considerable 
depth  without  bringing  it  to  the  surface,  the  new  disk  plow 
called  **The  Secretary"  greatly  lessens  the  expense  and 
difficulties  of  former  methods  by  doing  the  work  of  turning 
the  surface  and  stirring  the  subsoil  at  one  operation,  with 
but  little  more  draft  than  the  ordinary  sulky  plow. 

In  a  deep,  mellow  seed-bed  the  moisture  will  rise  from  a 
much  greater  depth  to  supply  the  needs  of  the  plant,  as  well 
as  permit  the  roots  to  extend  themselves  freely  to  a  gi-eater 
depth  in  search  of  moisture.  In  order  that  the  constituents 
of  the  soil  may  be  brought  into  the  proper  condition  for  the 
nourishment  of  the  plant,  the  soil  must  be  finel3''  pulverized. 
The  more  perfect  its  mechanical  condition  the  more  ready 
prepared  food  is  there  for  the  plant  to  appropriate.  Hence, 
too  great  care  cannot  be  taken  in  plowing  the  ground  and 
preparing  the  seed-bed.  A  little  extra  work  here  may  add 
greatly  to  the  yield  of  the  crop. 

The  selection  and  cleaning  of  the  seed  is  of  almost  equal 
importance.  Grain  that  has  been  harvested  before  fully 
ripe,  or  that  which  has  been  wet,  moulded  or  heated  in  the 
bin,  also  that  damaged  by  frost,  should  not  be  selected  for 
seed.  Many  farmers  believe  that  grain  grown  on  new  soil 
makes  the  best  seed  because  there  is  more  likely  to  be  a  full 
supply  of  all  the  elements  of  plant  food  in  the  virgin  soil 
than  any  other.  The  plant  may  therefore  fully  develop,  not 
being  stinted  in  any  element,  and  the  grain  have  the  most 
perfect  and  natural  proportions  in  its  composition,  thus 
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making  the  vitality  stronger  and  the  growth  of  the  plant 
more  vigorous. 

Thorough  cleaning  prevents  the  possibility  of  adding 
any  foul  stuff  to  the  farm,  and  rejects  any  small,  cracked 
and  immature  kernels.  It  also  lessens  the  quantity  of  seed 
required  per  acre. 

QUANTITY    OF    SEED. 

In  practice  there  is  much  diversity  in  the  quantity  of 
seed  per  acre  believed  to  give  the  best  results.  The  kind  of 
soil,  the  condition  of  the  seed-bed,  the  method  of  seeding,  the 
quality  of  the  seed  and  the  season,  have  much  to  do  with  the 
quantity  required  for  the  largest  3rield.  A  rich,  mellow  soil, 
insuring  every  plant  a  strong  growth,  and  choice,  well- 
cleaned  seed,  planted  with  a  drill,  will  require  a  less  quan- 
tity of  seed  than  the  opposite  conditions.  That  soil  which 
insures  most  nearly  the  covering  and  germination  of  every 
kernel  and  furnishes  plenty  of  food  for  the  full  development 
of  the  plant  will  require  the  smallest  quantity  of  seed. 

Experiments  in  this  line  are  valuable  only  when  the  con- 
ditions are  the  same  as  those  of  a  majority  of  the  farmers. 
In  the  experiment  of  1895  all  the  ground  had  produced  a 
crop  the  previous  season  except  a  narrow  strip  running 
across  the  oat  plats,  that  had  served  as  a  plat  alley,  and 
had  been  several  times  cultivated  to  keep  it  clean.  The  strip 
showed  markedly  the  advantage  of  the  season's  rest.  The 
dimensions  of  the  plats  were  one  by  eight  rods,  and  all  were 
sown  in  duplicate.  The  general  conditions  were  no  better 
than  those  of  the  average  farmer.  The  planting  was  done 
with  a  drill.  For  the  wheat  plats  the  quantity  of  seed 
varied  from  two  to  twelve  pecks  per  acre;  for  the  oats,  from 
four  to  sixteen  pedis,  and  for  the  barley,  from  two  to  four- 
teen pecks. 

The  quantity  of  seed  wa»  clearly  shown  by  the  appear- 
ance of  the  plats.  The  thin  seeding  in  all  cases  gave  strong, 
vigorous  growth,  with  large,  stiff  straw,  bearing  large 
heads,  well  filled  with  large,  plump  kernels.     These  gradu- 
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ally  dwindled  to  very  short,  fine  straw,  with  short,  slender 
heads  in  the  thickest  seedings. 

Judging  from  a  careful  study  of  the  plants,  too  little 
seed  was  used  on  the  thinnest  seedings  and  entirely  too 
much  on  the  thickest.  The  fine  straw  of  the  thick  seeding 
stood  up  fully  as  well  as  the  stronger  stiffer-looking  straw 
of  the  thinly-«eeded  plats.  While  there  was  a  decided 
increase  in  the  number  of  dwarf-heads  and  in  the  fineness  of 
the  straw  with  the  greater  quantity  of  seed,  after  reaching 
a  certain  limit  there  was  a  marked  decrease  in  the  stooling. 
In  the  wheat  and  barley  this  decrease  was  well  marked 
after  reaching  six  pecks  per  acre,  and  in  oats  after  eight 
pecks.  The  thickly  seeded  plats  were  a  few  days  earlier  in 
ripening. 

The  following  are  the  average  yields  per  acre  for  the 
various  quantities  of  seed : 

WHEAT. 

Two  pecks  per  acre 19.    Bushels 

Three"  "  "     21.1  " 

Four     "  "  '•     2A3  " 

Six        "  "  "     21.7  " 

Eight    "  "  "     23.7 

Ten       "  "  '•     22.8  " 

Twelve"  "  "     22.7  " 

BARLEY. 

Two  pecks  per  acre 32.    Bushels 

Four     "  "  "  s 32.4  " 

Six        "  "  "  35.1  " 

Eight"  "  "  30.8  " 

Ten       "  "  "  29.7  " 

Twelve"  "  "  31.7  " 

Fourteen  "  "  25.5  " 

OATS. 

Four  pecks  per  acre 52.5  Bushels 

Six          "  "  "  5:18  *' 

Eight     "  "  "  53. 

Ten         "  "  "  o8.5  " 

Twelve"  "  "  55.7  " 

Fourteen  "  "  54.  " 

Sixteen  '•  "  52.7  " 

VARIETY    TESTS.-WHEAT. 

The  variet3'  comparison  of  wheat  was  a  continuation  of 
the  work  of  1894,  the  number  of  varieties  being  diminished 
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by  the  rejection  of  several  duplicates  and  some  that  were 
badly  mixed.  The  first  eighty -two  kinds  were  seeded  April 
25th,  26th  and  27th,  the  rest  May  1st. 

The  plats  for  all  the  small  grain  variety  comparisons 
contained  six  rows  each,  fourteen  inches  apart,  and  eight 
rods  long.  During  the  month  of  June  they  were  twice  cul- 
tivated with  a  hand  implement,  and  once  weeded.  All  seed 
was  treated  to  prevent  smut,  and  very  little  appeared  in 
any  of  the  varieties.  The  plats  were  all  irrigated  twice, 
Julj"  18th,  and  August  1st.  In  addition  to  this,  plats  Nos. 
1  to  8  inclusive  were  thoroughl}'  soaked  a  few  times  by 
overflow  from  other  portions  of  the  field.  The  table  fol- 
lowing shows  the  time  required  for  maturity,  the  yields  for 
1894  and  1895,  and  the  average  of  the  two  seasons : 


TABT.E  I. 

C" 

1 

Wheat  Varieties. 

p  o 
•    o 

i     K 

•     ® 

:  3 

00    iZm 

:  SB 

1   > 

12 
i 

>— • 

(9 

a 

^ 

Glyiidon,  No.  74.S  

140 
140 

lai 

140 
140 
135 
135 
140 
140 
140 
140 

27.7|  41.     34.4 

o 

"           "    (>00 

33  3   48.8   41. 

3 

i 

6 

i 

8 
9 

Velvet  Chaff 

21.4' 

Glyndon,  No.  057 

20.0 
21.8 
20.6 
15.3 
29.0 
19.9 
20. 

2:^3 

22. 

39.2 

38.5 

35.4 

.33. 

36.7 

44. 

66. 

42.2 

34.6 

41.9 

3;i5 

40.6 

49.5 

34. 

41.2 

39.8 

35.5 

45.2 

47.9 

36. 

24.3 

"    715 

30.5 

"             "    036 

29.5 

"             "     794 

25.3 

"             "    096 

31 .3 

"•             "    708 

28.3 

10 

"             ''    701 

32. 

11 

"    750 

44.7 

12 

*'             "    775 

140 

i>2.5 

32.3 

13 

"             *'    070 

135    19.6 
14t)'  20.6 

27.1 

14 

"             "    067 

15 

"             "    302 

135 
135 
140 
140 
140 
140 
140 
135 
139 
134 
138 

27. 

26.8 

27. 

25.5 

18.2 

20.8 

24.1 

17. 

19.8 

20.8 

28. 

34.5 

16 
17 

18 
19 
20 

"             »*    075 

30.2 

"             "    097 

33.8 

"             "    773  

37.5 

*              "    050 

26.1 

*'             "     852 

31. 

21 

"             "    092 

31.9 

22 

"             "    774 

26.3 

23 

"             **    744 

:«.5 

24 

"             "    091 

34.2 

25 

"    081 
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I   23.1 

I   22.9   ; 


43.9  33.5 
».3 


40, 


963.. 


)  21.5  i 


■    33.2 
I  10.5|  32.2 
>  41.3i  31.1 
40.6   36.2 
32.1   3L1 
I  42.5  31.4 
"■|2.G   36. 
I  22.5!  «-     33.3 
».4l 
138|  21.9!  38.      29.9 


41,  French  Imperial 

42,Bolton'8  filuestem 

4:)|Satber]iD,  No.  1 

44  Bluestem ....     ,  i:*8, 

45  White  Chaff 133, 

4(;  Saskatchewan  Kfe 138' 

471  Bloant's  Hybrid,  No.  17 13CI 

18,  White  Fife I  138' 

49  Hayne's  BInestem I  133' 

50SilYerFife I  1.181 

51  Kassiaa I  12T! 

52' White  Russian 1.33! 

SSPower's  Fife 1.381 

54  McKissicli's  Fife I  138] 

•W  Junket !  ISS' 

56  California  Fife ]  i;!8j 

57,AnKto-CaDadian 138 

SfiKubanka 1381 

59  Snowball I  138: 

GO  Sutherlin,  No.  2 

ei  Ladoga 

62  Chiua  Tea ■ 

631  Wellman's  Fife 

G4  Colorado 

ffi|Fringle'a  Champlaio 

66j(lub 

67iSummer  Cob 

68iRio  (Iraade 

69!Bedford'B  Hangarian 

TOiOld  RaA  River 

TllEareka 


2i.5 

37  5 

.-.1 

20.8!  :15.8;  28.3 

22.7    36.8!  29.8 

19.8  39.91  29.9 

20.4  33.C;  27. 

23,5!  41.5'  32J 

20.c;  .'B.a'  29.4 

23.1,  39.8'  31.4 

13,3  45.81  29.5 

20.G|  53.2   3G.0 

20.9;  -A'Xi   29.2 

2I.2I  49.4  ^5.3 

22.9i  41.9   32.4 

24.71  53.6  39.1 

19.81  39.2  29.5 

16.2-  40.0,  28.C 

22.7I  42.6-  32.2 

20.C1  44.  1  32.3 

14,9:  63.3,  39.1 

1(!7 

31.2i  23.9 

\e.A 

a->.4i  25.9 

32.1.  19.9 

2(1, 

50.9'  35.4 

18 

a3.6'  25.8 

■*3;j 

48.7)  36. 

21.^ 

42.5  32.2 

19.2 

46.4 

32.8 

27.4.  45.2'  3C.3 
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p  ^ 

•  »o 

.  •o 

•-I  9* 

•  ® 
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:  S 

:  g 
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:  3 
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72  Hungarian  Mountain  . . 

73  Assinnaboine  Fife 

74  Wild  Goose 

75'Golden  Drop 

77j  Warner 

78  Champlain 

79  Assinnaboine  Fife 

80  Red  Fern 

81  Red  Fife 

82  Wellman's  Fife 

83  Glyndon,  No.  339 

84  Blount's  Hybrid,  No.  15 

85  Medium  Fife 

86  Glyndon,  No.  668 


137 

21.4 

25.9 

135 

24.7 

63.3 

137 

26.5 

33.7 

137 

20.8 

39. 

137 

21.8 

46.4 

135 

24.7 

44.7 

138 

26.8 

47. 

138 

31.2 

44.8 

138 

20.4 

59.1 

138 

29.2 

35.4 

132 

19.2 

135 

20.9 

45. 

135 

20.7 

135 

21.1 

36.6 

23.6 

44. 

30.1 

29.9 

34.1 

34.7 

36.9 

38. 

39.8 

32.3 

32.9 

28.8 
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Analysis  of  Wheat  Samples  Submitted  February  8,  1896.- 

F.  W.  Traphagen,  Chemist, 


Name. 


a; 

'^ 

^ 

c 

"^  2 

rr  2 

•0 

B 

3 

3 

cr 

S  § 

s- 

** 

p  0 

P 

'    B 

■            ■ 

o 

1— 

0 

00 
1 

•            i 

o 

« 

p 
a* 


Anglo-Canadian 

White  Russian 

Bolton^s  Bluestem 

Glyndon,  715 

Junket 

Sutherlin,  No.  2 

Hangarian  Monntain. . . 

Ladoga 

Sfiiskatchewan  Fife 

McKissick's  Fife 

Power's  Fife 

Sutherlin,  No.  1 

China  Tea 

Golden  Drop 

Red  Fife 

Hayne's  Blaestem 

Blount's  Hybrid,  No.  15 

Champlain 

Pringle's  Cbamplain  . . . 
Bedford's  Hungarian. . . 

Snowball 

White  Chaff 

Russian 

Wellman's  Fife 

Blount's  Hybrid,  No.  17. 

Colorado 

White  Fife 

Assinaboine  Fife 

Kubanka 


57 
52 

42 
5 

55 
60 
72 
61 
46 
54 
53 
43 
62 
75 
81 
49 
84 
78 
65 
69 
59 
45 
51 
03 
471 
641 
48| 
73 
58' 


13.55 

1.86 

12.18 

1.82 

11.85 

1.88 

12.28 

1.91 

12.06 

1.78 

14.80 

1.64 

15.22 

1.70 

13.82 

1.99 

11.55 

2.02 

1L46 

L99 

10.75 

2.03 

12.07 

1.57 

13.10 

1.85 

12.82 

1.91 

13.19 

1.94 

12,29 

1.92 

13.01 

1.79 

13.07 

1.88 

12.06 

1.89 

13.50 

1.88 

12.38 

1.87 

12.04 

1.73 

1173 

L88 

13.35 

1.83 

11.68 

1.93 

13.48 

1.84 

11.83 

1.85 

13.90 

1.72 

12.05 

1.98 

11.63 
11.38 
11.75 
11.94 
11.13 
10.25 
10.63 
12.44 
12.63 
12.44 
12.68 
9.81 
11.57 
11.94 
12.03 
11.99 
11.19 
11.75 
11.81 
11.75 
11.69 
10.81 
11.75 
11.44 
12.05 
11.50 
11.56 
10.75 
12.38 
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LADOGA    WHEAT. 

The  Ladoga  wheat  has  recently  attracted  considerable 
attention  in  the  Gallatin  Valley  because  of  its  earliness,  its 
tiniformly  large  jrield,  and  its  tendency  to  retain  the  quali- 
ties of  hard  wheat  under  irrigation.  It  was  introduced  into 
this  valley  in  1891.  Dr.  Traphagen  has  made  numerous 
analyses  of  it,  both  from  the  Station  plats  and  the  general 
field  crops  in  the  valley.  The  average  analysis  of  that 
grown  at  the  Station  the  past  two  seasons  gives  nearly 
12.5  per  cent  of  crude  protein,  which  is  only  equaled  by  a 
very  few  of  the  large  number  of  varieties  under  experimenta- 
tion. Last  season,  after  being  twice  irrigated,  it  was  one  of 
the  few  that  stood  above  12  per  cent,  in  crude  protein. 

The  Canadian  government  introduced  this  variety  of 
wheat  and  distributed  it  among  its  farmers  nine  years  ago. 
Prof  Wm.  Saunders,  who  superintended  the  work  of  distri- 
bution, has  the  following  to  say  of  it: 

**  The  object  sought  in  its  introduction  was  to  obtain  a 
hard  wheat  of  good  quality,  which  would  ripen  earl^^ 
enough  to  escape  the  autumn  frosts,  which  sometimes  injure 
the  crops  in  some  parts  of  the  northwest  of  Canada.  This 
wheat  was  selected  by  a  seed  dealer  in  Riga,  who  had  made 
a  special  study  of  the  cereals  of  northern  Russia.  It  was 
grown  in  latitude  60  deg.,  near  Lake  Ladoga,  north  of  St. 
Petersburg,  and  is  known  under  the  name  of  Ladoga.  The 
locality  referred  to  is  by  latitude  840  miles  north  of  the  city 
of  Ottawa,  600  miles  north  of  Winnipeg,  and  north  of  the 
northern  boundary  of  Lake  Athabaska,  in  the  Peace  river 
countr3\  The  Ladoga  wheat  is  said  to  be  highly  esteemed 
in  those  parts  of  Russia  where  it  is  grown,  and  is  in  favor 
as  an  early  ripening  sort.  The  first  consignment  was 
brought  to  Canada  in  the  spring  of  1887,  when  667  sam- 
ple bags  were  distributed  for  test,  from  which  275  returns 
were  received,  and  from  these  reports  the  average  period  of 
ripening  was  estimated  from  ten  to  fifteen  days  earlier  than 
Red  Fife,  a  gain  in  time  of  maturing  which  would,  if  main- 
tained, materially  lessen  the  risk  of  injurj^  from  frost.     In 
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the  spring  of  1888  a  second  distribution  of  this  wheat  was 
made,  from  which  301  reports  have  been  received.  These 
place  the  period  of  ripening,  taking  the  entire  Dominion,  at 
ten  days  earlier  than  the  Red  Fife."* 

OATS    AND    BARLEY. 

The  oat  and  barley  plats  were  all  planted  the  last  three 
days  of  April,  the  seed  being  dipped  in  a  solution  of  blue 
vitriol,  two  pounds  to  five  gallons  of  water,  to  prevent 
smut.  As  a  result  of  this  treatment  not  a  single  smutted 
head  was  found  in  any  of  the  barley  plats,  and  only  an  occa- 
sional one  in  a  few  varieties  of  oats.  The  plats  received  the 
same  weeding  and  cultivation  as  the  wheat,  but  were  irri- 
gated only  once,  July  12th  to  15th. 

Among  the  barleys,  the  six-rowed  type,  commonly 
known  as  Manshury,  is  also  given  the  names,  ** The  King*' 
and  ** Imperial"  by  diflFerent  seedsmen.  The  two-rowed 
variety,  frequently  called  **  Duck-Bill,"  appears  in  our  experi- 
ment under  the  following  names :  ** Chevalier,"  ** Duck-bill,'' 
*'  Kumma  KuUa,"  **  Moosenoy,''  and  **  Highland  Chief' 

The  tabulated  statement  shows  in  both  oats  and  barley 
the  number  of  days  required  to  mature,  and  the  yield  in 
bushels  per  acre.  It  also  shows  the  yield  for  1894,  and  the 
average  of  the  two  seasons  where  the  same  variety  was 
grown  both  years. 

*  [The  foregoing  tables  show  the  average  ripening  period  of  eighty-six 
tested  sorts  of  wheat  to  have  been  135  days,  or  two  days  more  than 
Ladoga. 

The  average  yield  of  eighty- six  tested  sorts  of  wheat  in  1895  was 
21.9  bushels  per  acre,  while  that  of  Ladoga  was  14.9  bushels  per  acre. 

The  ayerage  protein  content  of  twenty-nine  sorts  of  wheat 
analyzed  in  1895  was  11.59  per  cent.,  while  that  of  Ladoga  was  12.14  per 
cent.,  or  .85  of  one  per  cent,  more  than  the  average;  while  three  other 
sorts  equaled  or  exceeded  Ladoga  m  protein.  The  Director.] 
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TABLE  III. 


551 
c ' 

B 
cr 
9 


Oat  Varieties. 


25 

K 

K 

B? 

££ 

££ 

|2. 

00, 

§^ 

i;a 

:  "S 

9   p 

•^ 

t^ 

;    CD 

:  § 

:  § 

'    s? 

•     n 

•      1 

•    0 

•     « 

•     (t 

•-« 

OB 
9 


1|  Black  Tartarian 

2iGiaDt  Yellow 

3  Salzer's  Welcome 

4|Lost  Stake 

5;  White  Russian 

6' Black  Prolific 

7i White  Swede 

81  Early  Everett 

OGolden  Giant 

10| American  White 

lliBland  White 

12i  White  Bonanza 

13i Yellow  Giant 

14!lUack  Prolific 

15j White  Bonanza 

16|Race  Horse 

17  Squarehead 

18  Nameless  Beauty 

20' American  Beauty 

21'E|?yptian 

22'Prize  Prolific 

23|Prize  Cluster 

24iScotch •••.. 

25, Canadian  White 

2()|  Black  Beauty 

27;  Bavarian 

28,  Wide  Awake 

29  Mo^heda 

Great  Northern 

Lincoln 

White  Schonen 

Black  Russian 

White  Maine 

White  Wonder 

39] American  Best 

40  Great  Western 

41  ^American  Banner 

42  Siberian 

43  New  Dsnish 

44  Badger  Queen 

45|Improved  American 

46j  Archangel 

47'Tartarian 

48'Race  Horse 

49' Jeanette  

50' Henderson's  Clydesd&le 


31 

a3 

34 
35 
36 
37 


136; 

1571 

1361 

1.36! 

1361 

136 

128 

128 

157! 

1131 

121 

121 

121 

136 

128 

112 

136 

107 

131 

136 

128 

136 

112 

132 

127 

132 

132| 

132| 

135| 

132| 

132' 

1.35 

130' 

1271 

1301 

130! 

132' 

132' 

135' 

1121 

130' 

130i 

13  i 

1351 

135 

135! 


54.3 

51.8 

67.9 

68.3 

69.8 

60.2 

57.3 

59.9 

47.4| 

50.31 

56.6' 

6L.7 

61.3 

52.5 

68.71 

47.71 

59.11 

37.81 

60.6;  70.7 

Go.  '103. 

65.71 

a5.7' 109.1 

43.7| 

54.3i  105.4 

51.81  69.3 

91.5 
117. 

84.1 


79.2 
78.7 
74  5 

74.9 
96.3 
105.4 
89. 
77.3 
82.5 
79.9 
82.8 
74.9I 
79.9| 
88.4 


53.6 

49.6 

40.4 

60.6 

569 

48.1 

67.2 

57. 

47.7 

56.2 

61.4 

58.4 

49.6 

54. 

36.4 

52.7 

61. 

59.1 

54.7 

51. 

42.8 


104.8 
83.3 
84.1 

72.9 

88.3 
84.1 

100.5 
50.1 
64.8 
46.9 
92.8 
85.3 
88.4 

103.1 


65.5 
70.8 
71.4 

67.5 

76.8 

82.6 

68.2 

63.8 

69.5 

70.8 

72. 

63.7 

74.3 

68.1 


65.6 
84. 

87.4 

79.8 
60.5 
72.5 
83.3 
62.3 

80.8 
0)5.7 
75.6 

64.9 

74.8 

71.3 

75. 

52. 

50.6 

49.8 

76  9 

72.2 

71.5 

77. 
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TABLE  IV. 


B 

c 

►1 


Barlet  Varieties. 


"^ 

K 

K 

B  9 

g» 

go 

^^ 

8^ 

•    73 

®  (£ 

•n 

►1 

:  § 

:  § 

•     e*- 

•    "n 

•      1 

•     O 

.     '. 

•     « 

VJ 


liKlannery 

2'The  King 

Silmperial 

4|MaD6hur7 

5  Salzer'9  .vJanshury 

C.Chevalier 

TDuck-Bill 

SJManshary 

9Succesf 

lO'ManshQry 

lljKuma  Kulla 

12'MaDhattan 

13:st.Paul 

14  Moosenoy 

15' California  Prolific 

ItJ.Gcldthorpe 

18  Highland  Chief 

19;  Black  Hulless .• 

20  New  Zealand 

21|Idq proved  Cheyenne  . . . 

22  Manshury 

23'  Highland  Scotch 

24  New  Zealand 

25  C'hamplain  of  Vermont 
27  Carter's  No.  2 


119 
112 
112 
112 
112 
1-25 
128 
105 
98 
109 
129 
129 
109 
129 
128 
128 
128 
104 
128 
129' 

iioi 

li>7i 
133 

no' 

127! 


28.6 

35.2 

31.6 

26. 

33.5 

26. 

24.7 

30. 

12.3 

34.81 

20.  I 

44.8 

14.6' 

24.5 

34.4  i 

44.6 

27.  I 

23.5 

28.21 

:^.i, 

.33.5 

41.61 

36. 

31.1 

46.3 


30.2 
50.2 
59.1 
48.7 
43.3 
72.9 
44.4 

59.1 
46.4 
68.7 
43.1 
58.1 


53.6 

71.5 

55.7 

48.1 

44.4 

55. 

55.7 

41.2 

53.4 


32.7 
40.9 
42.5 
41.1 
34.6 
48.8 
37.2 

46.9 
33.2 
56.7 

28.8 
41.3 


40.3 
4^.0 
41.9 
40.6 
38.9 
48.3 
45.8 
36.1 
49.8 


SPRING    WHEAT    SOWN    IN    THE    FALL. 

To  determine  the  practicability  of  sowing  spring  wheat 
in  the  fall  and  also  the  time  to  sow  for  best  results,  fifteen 
sowings  of  a  variety  known  as  Yellowstone  Fife  were  made 
at  different  intervals  during  the  fall  of  1894,  the  results  ot 
which  have  proven  of  much  interest,  since  only  the  later 
sowings  passed  the  winter  successfullj^  and  produced  a  crop. 

Beginning  the  9th  of  August,  a  small  plat  was  sown 
each  week  until  the  ground  was  frozen  and  winter  began, 
November  19th.  The  earl3'  seedings  made  a  nice  growth 
and  w^ere  in  good  condition  when  the  wnnter  set  in,  but  the 
later  sowings  were  just  coming  up.  The  earh'  plantings 
almost  wholly  killed  out,   the  intermediate  onl^-  partially, 
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and  the  latest  showed  no  damage  from  the  winter  killing, 
the  stand  being  almost  perfect.  These  plats  were  twice  irri- 
gated and  kept  free  from  weeds.  The  first  six  plats,  sown 
from  August  9th  to  September  14th,  inclusive,  gave  an 
average  yield  of  3.3  bushels  per  acre.  The  next  five  plats, 
seeded  from  September  21st  to  October  19th,  inclusive, 
yielded  an  average  of  12.7  bushels  per  acre.  The  average 
yield  of  the  four  plats,  sown  October  26th  and  November 
3d,  10th  and  19th,  respectively,  produced  at  the  rate  of  38.5 
bushels  per  acre. 

These  results  cannot  be  taken  as  conclusive,  but  only  as 
indicating  what  may  be  expected  under  like  conditions. 
Our  winters  vary  greatly  in  the  amount  of  snowfall  and  the 
length  of  time  it  remains  on  the  ground.  The  spring  also 
varies  much  as  to  favorable  or  unfavorable  conditions  for 
winter  wheat,  so  it  will  be  necessary  to  continue  the 
experiment  a  number  of  years  to  get  an  average  reliable 
result. 

PREVENTION    OF    SnUTS. 

In  this  line  of  work  an  experiment  was  undertaken  to 
find  the  most  eflScient  and  practical  method  of  preventing 
the  smuts  of  wheat,  oats  and  barle3^  In  all  cases  the  seed 
selected  was  known  to  be  badly  infected  with  smut.  The 
plats  were  uniform  in  soil,  preparation,  previous  crop,  and 
other  conditions,  so  that  whatever  variation  occurred  in  the 
per  cent,  of  smut  could  be  properly  attributed  to  the  kind  of 
treatment  given  the  seed. 

WHEAT    SMUT. 

Onl3'  two  methods  of  prevention  were  tried  with  wheat, 
viz. :  The  hot  water  and  the  bluestone  (copper  sulphate). 

In  the  hot  water  treatment  two  vessels  were  used,  the 
water  in  the  one  ranging  from  eight  to  ten  degrees  lower 
than  the  other.  The  grain  was  kept  in  the  one  of  lower 
temperature  until  heated  to  as  high  a  degree  as  the  water 
would  bring  it,  and  then  it  was  dipped  into  the  other  for  the 
desired  length  of  time.  The  table  following  shows  the 
degree  of  heat  in  the  treatment  to  vary  from  120  deg.  to 
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140  deg.  Fah.,  and  the  time  of  immersion  from  simply  dip- 
ping to  fifteen  minutes'  soaking.  Thermometers  were  kept 
in  both  vessels  of  water  and  the  temperature  made  constant 
by  the  addition  of  hot  or  cold  water  as  required. 

The  wheat  was  not  cooled  by  dipping  in  cold  water 
after  the  immersion,  except  in  one  instance,  plat  No.  17. 

In  the  bluestone  (copper  sulphate)  method  the  strength 
of  the  solution  and  the  time  the  grain  remained  in  the  solu- 
tion were  the  principal  considerations.  The  table  shows  the 
kind  of  treatment  and  its  result  in  per  cent,  of  smut. 


TABLE  V. 


Treatment  of  Seed  Wheat  for  Smut. 


a: 

o 

8D 


Treatment. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 
21 
22 
23 


HOT  WATER. 

Untreated 

Immersed  15  minutes  in  water  at  temperature  of  128  deg.  F. 


u 
u 
u 
u 
u 
a 
u 
(( 
u 
u 
u 
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12 
10 
8 
6 
5 
4 
4 
3 
3 
3 
4 
5 
7 
10 


u 
u 
i( 
t( 
u 
u 
u 
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»( 
(i 
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4( 
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tt 
tt 
U 
U 
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•t 
tt 
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tt 
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tt 
tt 
tt 
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it 
ti 
it 
«t 
it 
tt 
tt 
tt 
tt 
t( 
tt 
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130 
132 
133 
134 
135 
136 
137 
138 
139 
140 
140 
140 
140 
140 


tt 

u 

It 
ti 
tt 
it 
it 
it 
i. 
ti 
it 
it 
it 
tt 


Per  ct. 

smatty 

hQads. 


Immersed  10  min.  in  water  at  temp,  of  140  deg.  and  cooled . . . 
Untreated 

BLUESTONE. 

Dipped  in  a  solution  of  1  lb.  of  bluestone  to  1  gal.  water  — 

*•  "  1  »«  2         "  .... 

Dipped  5  min.  in  solution  of  1  lb.  bluestone  to  2  gal.  water. . . 

Dipped  in  a  solution  of  1  lb.  of  bluestone  to  3  gal.  water 

Dipped  10  min.  in  a  solution  of  lib.  bluestone  to  3  u&i.  water. 


24  Untreated 


1.8 
.18 
.22 

none 
.23 
.09 

none 
.31 

none 
.13 

none 
.13 
.13 
.18 

none 

none 
.i:i 
2.1 

.40 
none 

1.20 
none 

1.8 
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TABLE  V. — CONTINUED. 


o 


Si 


Tbeatment. 


Per  ct. 

smatty 

heads. 


25 
26 

27 
28 
29 
30 
31 


Dipped  in  a  solution  of  1  lb  of  bluestone  to  3.5  gal.  water 

Dipped  10  minutes  in  a  solution  of  1  lb.  of  bluestone  to  3.5 

gallons  water 

Dipped  in  a  solution  of  1  lb.  of  bluestone  to  4  gal.  water 

Dipped  10  min.  iu  solution  of  1  lb.  bluestone  to  4  gal.  water. . 

Dipped  io  a  solution  of  1  lb.  of  bluestone  to  5  gal.  water 

Dipped  30  min.  in  solution  of  1  lb.  bluestone  to  5  gal.  water. . . 
Untreated 


1.3 

.13 
.09 
.13 
.27 
.04 
1.11 


It  will  be  seen  that  the  per  cent,  of  smut  was  in  no  case 
large,  not  even  in  the  untreated  plats,  and  that  in  almost 
every  instance  the  per  cent,  was  greatly  reduced  by  the 
treatment.  An  immersion  of  ten  minutes  at  132  deg.,  with- 
out after  cooling  by  dipping  in  cold  water,  was  eflFective. 
The  experiment  indicates  that  a  less  time  in  water  of  a 
higher  temperature  serves  the  purpose  fully  as  well.  The 
higher  degree  of  heat  seemed  in  no  w  ay  to  affect  the  vitality 
of  the  seed. 

That  immersed  in  water  at  a  temperature  of  140  deg. 
for  ten  minutes  gave  a  stand  equal  to  any  of  the  others  and 
showed  fully  as  much  vigor  in  its  growth.  However,  since 
numerous  experiments  show  the  temperature  of  132  deg.  to 
135  deg.  to  be  effective,  it  is  best  to  keep  the  temperature  of 
the  water  within  this  limit.  The  ordinary  cheap  thermom- 
eters were  found  wholly  unreliable  for  this  work,  their 
indications  for  the  same  temperature  varying  more  than 
five  degrees. 

The  dipping  in  the  bluestone  treatment  was  intended  to 
be  sufficient  to  thoroughly  wet  everj'  kernel  of  the  w^heat, 
but  this  seemed  not  as  effective  as  an  immersion  for  a  brief 
period  in  a  weak  solution.  The  only  instance  in  which  the 
smut  was  entirely  prevented  by  the  bluestone  treatment 
was  shown  on  plats  Nos.  21  and  23,  where  the  immersion 
was  for  five  minutes  in  a  solution  of  one  pound  of  bluestone 
to  two  gallons  of  water,  and  ten  minutes  in  one  pound  to 
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three  gallons  of  water.  None  of  the  plats  showed  any  dam- 
age as  a  result  of  this  treatment. 

In  the  bluestone  treatment  either  dipping  or  sprinkling 
may  be  followed  successfully,  according  to  the  convenience 
of  the  farmer.  The  solution  in  either  case  may  be  made  by 
using  two  pounds  of  bluestone  to  five  gallons  of  water. 
Where  a  quantity  is  dipped  and  spread  out  to  dry  it  will 
soak  up  as  much  proportionately  of  the  solution  in  drain- 
ing and  drying  as  the  small  quantity  used  in  the  experiment 
did  by  the  few  minutes  immersion. 

In  sprinkling  the  grain  must  be  shoveled  over  often 
enough  to  thoroughly  wet  every  kernel,  and  it  should 
remain  in  a  pile  from  twenty  to  thirty  minutes,  without 
being  spread  out  to  dry,  in  order  that  the  solution  may 
have  time  to  destroy  the  smut. 

In  dipping,  ordinary  gunny  sacks  for  the  grain,  and  a 
barrel  for  the  solution,  will  serve  the  purpose  very  well.  An 
additional  quantity  of  the  solution  should  be  kept  on  hand 
in  another  vessel,  so  the  barrel  may  be  replenished  as  often 
as  necessary. 

In  all  cases  the  grain  should  be  thoroughly  cleaned  be- 
fore applying  the  remedy. 

BARLEY    SMUT. 

The  remedies  used  to  prevent  barley  smut  were  identical 
with  those  used  in  the  oat  experiment,  but  since  not  a  single 
smutty  head  of  barley  was  found  during  the  season  in  any 
of  the  barley  plats,  treated  or  untreated,  any  detail  of  the 
experiment  would  be  of  little  interest. 

OAT   SMUT. 

The  remedies  tested  for  smut  in  oats  comprised  the  fol- 
lowing: Hot  water,  the  temperature  ranging  from  126  deg. 
to  150  deg.,  and  the  time  of  immersion  from  dipping  to  ten 
minutes ;  potassium  sulphide,  the  strength  of  the  solution 
varying  from  1.66  to  five  per  cent.;  corrosive  sublimate,  the 
solution  containing  from  one  ounce  to  twelve  quarts  of 
water  to  one  ounce  to  two  quarts;  zinc  chloride,  zinc  sul- 
phate, and  potassium  bicarbonate,  the  strength  of  the  solu- 
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tion  of  each  ranging  from  one  to  five  per  cent.;  and  potas- 
sium permanganate,  the  strength  of  which  solution  varied 
from  .2  to  1  per  cent. 

TABLE  VI. 


Treatment  of  Seed  Oats  for  Smut. 
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POTASSIUM  SULPHIDE. 

Dipped  in  a  solation  of  50  grains  of  potassium  sulphide  to  1 
quart  of  water 

Dipped  15  minutes  in  a  solution  of  50  grams  of  potassium 
sulphide  to  1  quart  of  water 

Dipped  in  a  solution  of  50  grams  of  potassium  sulphide  to  2 
quarts  of  water 

Dipped  20  minutes  in  a  solution  of  50  grams  of  potassium 
sulphide  to  2  quarts  water 

Dipped  in  a  solution  of  50  grams  of  potassium  sulphide  to  3 
quarts  of  water 

Dipped  30  minutes  in  a  solution  of  50  grams  of  potassium 
sulphide  to  3  quarts  of  water 

Soaked  4  hours  in  a  solution  of  50  grams  of  potassium  sul- 
phide to  3  quarts  of  water 

CORROSIVE  SUBLIMATE. 

Dipped  in  a  solution  of  1  ounce  to  2  quarts  of  water 

i  u  1        ^*  3        *'  ^^ 

41  U  1  **  4  ^^  ** 
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ZINC  CHLORIDE. 

Dipped  in  a  solution  of  50  grams  to  1  quart  of  water. . . 
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ZINC  SULPHATE. 

Dipped  in  a  solution  of  50  grams  to  1  quart  of  water. . . 
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POTASSIUM  BICARBONATE. 

Dipped  in  a  solution  of  50  grams  to  1  quart  of  water . . . 

U  44  50  ^^  2  ^*  ^^ 

"  "  50        "  3        "  "       ... 
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POTASSIUM   PERMANGANATE. 

Dipped  in  a  solution  of  10  grams  to  1  quart  of  water 
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It  will  be  seen  from  the  above  table  that  hot  water 
was  the  most  effective  of  the  remedies  tested  in  preventing 
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smut.  The  results  of  this  experiment  indicate  that  an 
immersion  of  ten  minutes  at  the  lower  temperatures  is  a 
surer  preventive  than  the  shorter  time  of  immersion  at  the 
higher  temperatures. 

There  was  no  perceptible  difference  made  in  the  germi- 
nating power  of  the  grain  by  the  different  degrees  of  heat,  or 
by  the  different  methods  of  treatment. 
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a 

LATERALS   WITH  VARIABLE    HEADS   IN   THE 
MAIN  CANALS  OR   RESERVOIRS. 


A.   M.    RYON. 


With  the  continually^  growing  demand  for  water  for  the 
purpose  of  irrigation,  and  a  supply  which  is  already  severed 
taxed,  the  people  of  the  arid  west  will  of  necessity  be  obliged 
to  take  every  precaution  against  the  waste  of  this  life  giving 
fluid. 

It  is  apparent  that  our  present  loose  systems  of  measure- 
ment and  apportionment  must  give  way  in  time  to  the  more 
exact  methods  already  known  and  practiced  hy  hydrauli- 
cians  in  the  more  populous  sections. 

In  using  water  for  irrigation,  it  is  often  difficult  to  readily 
distinguish  differences  of  flow  equal  to  lOVt  or  15'/  and  for 
this  reason  possibly  we  adhere  to  old  methods  of  measure- 
ment where  such  differences  are  only  too  common.  For 
instance  suppose  we  assume  an  opening  16%  inches  long 
and  6  inches  high,  passing  100  Montana  Statutory  inches, 
with  the  required  head  of  6  inches  over  the  center  of  the 
opening.  Suppose  the  width  of  the  box  to  be  equal  to  the 
full  length  of  the  opening,  a  condition  frequently  seen,  and 
that  we  ignore  the  head  which  causes  the  velocity  of  the 
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water  approaching  the  opening,  which,  although  con- 
trary- to  statute  requirments,  is  customary  in  Montana, 
the  discharge  will  then  be  very  nearly  Q=.68X8.02 
(.5)  ''X  .7=2.6  cu.  ft.  per  second, as  we  have  suppressed  con- 
tractions on  three  sides. 

The  area  of  the  cross  section  of  the  approaching  water 
will  be  16%''X9'^=1.04  sq.  ft.  and  the  velocity  will  be  -^^^ 
:=2.5  ft.  per  second.  2 

The  head  causing  this  velocity  would  amount  to  h=  ^  g^ 
0.097  ft.=l. 13  inches. 

In  other  words,  although  we  have  apparently  a  head  of 
6  inches  over  the  center  of  the  opening,  we  really  have  a 
head  equivalent  to  h+1.13=7.13  inches,  and  if  we  consider 
the  effect  of  the  velocij:y  in  reducing  the  contraction  of  the 
escaping  stream,  the  practical  head  is  further  increased. 

The  effect  of  thus  increasing  the  head  0.1  foot  is  to  increase 
the  flow  over  10  per  cent.  Yet  many  such  boxes  are  in 
existence  and  their  use  remains  unchallenged. 

The  law  contemplates  the  reduction  of  this  velocity  of 
this  approach  to  a  minimum  and  as  this  would  necessitate 
the  use  of  wider  boxes,  end  contractions  would  be  intro- 
duced in  the  escaping  jet  and  the  flow  would  be  reduced  to 
less  than  2.6  cu.  ft.  per  second;  but  as  compliance  with  the 
law  would  necessitate  more  expensive  boxes  as  w^ell  as  re- 
duce the  amount  of  water  flowing  through  the  orifice,  it  is 
not  surprising  that  the  box  described  above  is  so  popular. 

It  has  been  shown  that  where  200  Montana  statutory 
inches  are  measured  through  one  orifice  and  36  inches  are 
measured  through  another,  an  increase  of  6  per  cent  unit  of 
area  is  obtained  where  the  larger  amount  is  measured.*  In 
other  words,  where  200  inches  are  measured,  a  statutory 
inch  contains  1.06  times  as  much  water  as  a  statutory  inch 
where  36  inches  are  measured. 

Where  larger  amounts  are  measured  this  difference  is 
still  more  marked.     The  Romans  of  early  days  considered 


•  Journal  of  Associated  Engineering  Practices.  .January,  1895.    Measurement  of 
Water,  by  A.  M.  Ryon. 
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this  matter  of  sufficient  importance  to  warrant  them  in 
passing  a  law  restricting  the  amount  which  conld  be  meas- 
ured through  any  one  orifice. 

When  water  is  drawn  from  a  reservoir  or  canal  for  the 
purpose  of  feeding  laterals,  the  fluctuations  of  the  surface 
level  are  apt  to  cause  a  variation  in  the  amounts  received 
by  those  using  water  from  the  laterals,  ''^here  all  users  are 
subject  to  the  same  variations,  there  n^aybe  no  objection 
raised.  But  in  cases  where  it  is  desirable  that  a  constant 
flow  be  maintained  some  special  device  becomes  necessary 
to  produce  this  result.  The  following  table  will  show  the 
percentage  of  increased  flow  due  to  increasing  the  head  over 
a  given  orifice,  6''  high  and  16%''  long. 

Approximate  Discharge  Through  an  Opening  16)^  inches  Long  and 
6  inches  High.    Contraction  Suppressed  on  Three  Sides. 


Head  over  the 
center  of  the 
opening,  in  ft. 


Flow  in 
second  feet. 


0.5 

2.67 

0.6 

2.97 

0.7 

3.19 

0.8 

3.43 

0.9 

3.62 

1.0 

3.82 

2.0 

5.34 

3.0 

6.64 

4.0 

7.63 

5.0 

8.53 

6.0 

9.34 

7.0 

10.09 

8.0 

10.80 

9.0 

11.43 

10.0 

12.06 

Percentage  of 

Difference. 

increase  in  dis- 



charge. 

6.3 

10 

0.2 

18 

0.2 

26 

0.2 

34 

0.2 

41 

1.5 

98 

1.3 

146 

0.9 

183 

0.9 

216 

0.8 

246 

0.7 

273 

0.7 

300 

0.6 

324 

0.6 

346 

•# 

It  will  be  seen  from  the  above  table  that  the  greater  the 
total  head  over  the  orifice  the  less  the  effect  of  slight  fluctua- 
tions on  the  discharge.    As  an  example  in  the  case  given 
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above,  if  the  head  increases  from  0.5  to  0.8,  involving  a  rise 
ofwater  of  but  0.3  of  a  foot,  the  increased  discharge  amounts 
to  0.7  cu.  ft.  per  second,  or  an  increase  of  26  per  cent.  In 
order  to  increase  the  discharge  26  per  cent  when  the  head  is 
10  ft.  it  would  be  necessary  to  increase  the  head  to  16  ft. 
For  this  reason  where  it  is  possible  to  place  a  regulating 
gate  at  a  distance  of  several  feet  below  the  surface  of  the 
canal  a  practically  constant  flow  may  be  obtained  notwith- 
standing minor  fluctuations  in  the  surface  of  the  water  oi 
the  canal.  The  main  objection  to  such  an  arrangement  lies 
in  the  necessary  loss  of  head  in  delivering  water  from  the 
canal  to  the  lateral,  a  fatal  defect  under  most  conditions. 

In  this  case  in  order  to  measure  the  water,  a  statutory- 
inch  box  or  a  weir  should  be  placed  below  the  gate;  the  sup- 
ply to  be  regulated  as  desired  by  opening  or  closing  the 
gate. 

*  A  prize  of  $500  was  awarded  to  Chas.  A.  D.  Ebro  by 
the  minister  of  water  supply  of  Victoria  for  a  module  con- 
sisting of  a  floating  cylinder  having  notches  or  weirs  on  its 
upper  edge,  the  cyhnder  having  no  bottom  and  being  con- 
nected with  a  duct  underneath  bv  means  of  a  leather  bellows 
arrangement,  which  opens  and  closes  as  the  cylinder  rises 
and  falls. 

The  amount  of  water  delivered  may  be  regulated  b3' 
varying  the  depth  to  which  the  cylinder  is  sunk.  The  leather 
joint  would  seem  to  be  open  to  practical  objections. 

H.  L.  Decker  of  Teller,  Colorado  has  a  device  consisting 
of  a  siphon  arranged  to  float  upon  a  raft,  and  thus  main- 
taining a  constant  distance  between  the  mouth  of  the  siphon 
and  the  level  of  the  water.  The  arrangement  would  seem  to 
offier  some  advantages.    This  module  is  shown  in  Fig.  1. 


*  Bui.  27.  Colo.  E.Kp.  Sta..  L.  (J.  Car|>enter. 
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It  is  claimed  that  this  siphon  module,  so  called,  will 
clearitself  of  air  when  running  at  full  capacity  and  that  the 
flow  may  be  decreased  or  shut  off  at  will.  It  is  said  that 
siphons  30  inches  in  diameter  and  delivering  1000  statutory 
inches  have  been  successfully  operated. 


.££=1^^^^ 


Fig.  I.    Decker's  Siphon  Module  and  Automatic  Pro-Rater. 

A  device,  consisting  of  a  box  supported  by  a  float  and 
connected  to  the  outlet  by  a  pipe  with  a  flexible  joint,  has 
been  tried  in  Colorado.  The  box  is  provided  with  an  orifice 
sufficiently  large  to  admit  the  required  amount  of  water. 
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This  module  would  probably  be  practicable  if  a  satisfactory 
flexible  joint  could  be  provided;  and  this  difficulty  seems  to 
be  an  obstacle  to  its  successful  operation. 

At  the  Isabella  I.  canal  of  Spain  is  a  moJule  which  de- 
pends for  its  action  upon  the  opening  and  closing  of  a  circu- 
lar hole  by  a  cone-shaped  plug.     The  motion   of  the  plug  is 


Fig.  3.     Spill  Box. 

actuated  by  the  rise  and  fall  of  the  surface  of  the  water  in 
the  main  channel.  This  arrangement  involves  some  loss  of 
head, but  is  said  to  give  fairly  satisfactory  results  otherwise. 
The  spill  box  (see  Fig.  2),  designed  by  A.  1>.  Foote,  of 
Idaho,  has  deservedly  attracted  considerable  attention  at 
the  hands  of  writers  on  irrigation  and  been  used  in  connec  - 
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tion  with  a  number  of  canals  in  this  country.  The  illustra- 
tion shows  verx'  clearly  the  operation  of  this  box.  Ths  gates 
D  and  E  cause  a  portion  of  the  water  to  flow  into  the  box 
B,  part  of  the  water  from  B  flows  into  the  lateral  C,  the  re- 

AN  AUTOMATIC  GATL 

FOR   LOUALIZINC    ThF.      FlOVV     iN     CANAL     LATLRALS 


r^OA 


Fig.  3. 


mainder  flows  back  over  a  long  weir  into  the  main  channel. 
The  longer  this  weir  in  comparison  to  the  length  of  the  ori- 
fice, the  more  constant  the  head.  Instead  of  an  orifice  a  weir 
mav  be  used  to  feed  the  lateral. 
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These  weirs  are  frequently  arranged  in  pairs,  so  that 
laterals  may  be  taken  out  from  opposite  sides  of  the  canal. 

For  practical  purposes  these  spill  boxes  give  excellent  re- 
sults, but  they  have  the  objection  of  involving  a  loss  of  head 
in  the  main  canal  of  from  say,  six  inches  to  one  foot.  This 
may  or  may  not  be  a  serious  drawback,  according  to  circum- 
stances. 

Fig.  3  shows  a  device  designed  by  the  writer.  It  consists 
of  ^n  ordinary  box  containing  a  gate  which  operates  around 
a  vertical  axis.  The  gate  is  made  of  2-inch  plank,  nailed  to 
2''x  4"joists.  Floor  flanges  are  attached  by  screws  to  the  top 
and  bottom  of  the  middle  joist,  and  short  lengths  of  %-inch 
pipe  are  screwed  into  the  floor  flanges.  Pieces  of  bar  iron 
Vix2  inches,  with  holes  bored  slightly  larger  than  the  pipe, 
act  as  bearings,  leaving  the  gate  free  to  rotate  in  a  manner 
similar  to  that  of  an  ordinary  stove-pipe  damper.  A  lever, 
consisting  of  %-inch  pipe,  is  used  to  open  and  close  the  gate. 
This  lever  is  free  to  rotate  about  the  axis  of  the  gate  unless 
prevented  by  the  H-inch  curved  iron  rod  shown  in  the  plate. 
The  curved  %.-inch  iron  rod  passes  through  a  hole  bored  in 
the  %-inch  pipe  and  is  secured  with  a  set  screw.  In  order 
that  the  lever  may  turn  freely"  about  the  axis  of  the  gate,  the 
T  pipe  fitting  at  its  extremity  is  reamed  out  so  that  it  slips 
easily  over  the  short  piece  of  pipe  on  the  gate.  A  rope  is 
attached  to  the  lever  at  any  desired  distance  from  the  axis. 
This  rope  passes  over  a  pulley  to  a  float  made  of  2-inch 
plank,  4  feet  square,  placed  in  the  main  canal.  The  other  end 
of  the  rope  is  attached  to  a  weight.  When  the  water  in  the 
main  canal  raises  the  float  is  lifted  and  allows  the  weight  to 
close  the  gate.  As  the  pressure  of  the  water  on  each  side  of 
the  axis  is  equal,  there  is  no  tendency  for  the  gate  to  either 
open  or  close  itself  unless  influenced  by  the  action  of  the 
float.  It  is  not  necessary  that  the  gate  be  made  to  fit  the 
cross  section  of  the  box  very  closeh'. 

Plate  1  shows  the  results  of  some  experiments  madew^ith 
this  gate.  A  measuring  weir  was  placed  just  below  the  gate 
and  the  column  marked  *'Head  in  Feet"  represents  the 
height  of  the  surface  of  the  water  behind  the  gate,  above  the 
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crest  of  the  weir.  The  figures  at  the  bottom  of  the  plate 
represent  the  number  of  cubic  feet  of  water  flowing  per  sec- 
ond. The  water  was  allowed  to  raise  slowly  behind  the 
gate,  and  the  increased  flow,  if  any,  over  the  weir  was  noted. 
For  instance,  w^hen  the  gate  was  closed  and  not  allowed  to 
open,  it  was  found  that  when  the  head,  back  of  the  gate  was 
0.4  feet,  the  leakage  amounted  to  about  0.6  cubic  feet  per 
second,  and  when  the  head  was  increased  to  1.4  feet,  the 
leakage  was  a  little  less  than  1.5  feet  per  second.  If,  on  the 
other  hand,  the  gate  is  kept  wide  open,  the  flow  varies  from 
about  1.8  second  feet  for  a  head  of  0.4  feet  to  10.4  second 
feet  for  a  head  of  1.4  feet. 

In  the  various  cases  lettered  A,  B,  C,  etc.,  the  gate  is  set 
so  as  to  allow  various  amounts  of  water  to  pass  through, 
and  the  lever  is  lengthened  or  shortened,  as  may  seem  desirable. 
In  Case  A  the  gate  was  properly  set  for  a  flow  of  a  little 
over  2  second  feet,  or  say  about  80  statutory  inches,  the 
head  in  the  main  canal  varying  6  inches  without  influencing 
the  flow  more  than  0.2  cubic  feet,  or  10  per  cent.,  without 
the  gate  the  flow  would  have  varied  about  88  per  cent.,  with 
a  statutory  box  the  increase  would  have  been  about  41  per 
cent. 

In  Case  E  the  gate  was  set  about  right  for  100  statutory 
inches,  and  between  the  heads  1  foot  and  1.4  feet  there  was 
practically  no  variation  in  the  volume  discharged. 

In  the  majority  of  cases  shown  the  lever  was  evidently 
too  long. 

This  device  involves  no  loss  of  head  in  the  main  canal, 
but  involves  a  loss  of  head  in  the  lateral  amounting  from 
0.9  feet  in  Case  A  to  about  0.6  feet  in  Case  H.  in  addition 
to  the  head  used  by  the  measuring  box.  A  gate  of  this  size 
could  be  used  to  advantage  for  amounts  up  to  3  cubic  feet  per 
second,  or  to  120  statutory  inches. 
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BozEMAN,  Montana,  September,  1, 1896. 

To  His  Excellency  y  John  E.  Rickards,  Governor  of  Montana: 

Dear  Sir:    I  have  the  honor  to  transmit  to  vou  herewith 

in  accordance   with    law,  the  third   annual  report  of  the 

Montana  Agricultural  Experiment  Station. 

Respectfully, 

S.  M.  Emery,  Dir«;tor. 


EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kinkel,  Jr.,  Vice-President Manhattan. 

Walter  Cooper Bozeman. 

Nelson  Story Bozeman. 

EXPERIMENT  STATION  STAFF. 

S.  M.  Emery.... Director  and  Horticulturist. 

Frank  Beach,  M.  S Agriculturist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist. 

W.  L.  WmLiAMS,  V.  S Veterinarian. 


James  D.  Borrows Farm  Foreman. 


Post  Office  Address  and  Freight  Station,  Bozeman. 
All  communications  for  the  Experiment  Station  should 
be  addressed  to  the  Director, 

Montana  Experiment  Station, 

Bozeman,  Montana. 


NOTICE:  The  bulletins  of  the  Station  will  be  mailed  free 
to  anv  citizen  of  Montana  who  sends  his  name  and  address 
to  the  Station  for  that  purpose. 


Report  of  the  Treasurer  of  the  Board. 


The  Montana  Experiment  Station,  in  Account  With  The 
United  States  Appropriation,  1895-96, 

To  Beceipts  from  the  Treasarer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ending  Jane  90th,  1896,  as  per 
Act  or  Congress,  approved  March  2, 1887 $15,000.00 

To  Sales  Farm  Produce l,235.ffi 

Total ei6,23&ie 

«y  Salaries $  7,704.1i 

Labor ; 2,820.12 

Publications 498.30 

Postage  and  Stationery 105.35 

Freight  and  Express 197.86 

Heat,  Light  and  Water 318 II 

ChemicalSupplies 380.76 

Seeds,  Plants  and  Sundries 532.18 

Fertilizers : •  ■  * 30.00 

Feeding  Stuffs -. 50.11 

Library '. 165.57 

Tools,  Implements  and  Machinery 426.13 

Furniture  and  Fixtures 60.50 

Scientific  Apparatus 345.47 

Live  Stock , 498.60 

Traveling  Expenses 106.80 

Contingent  Expenses lU.OO 

Buildings  and  Repairs 750.00 

Dwelling  and  Wagon  House 1^235.32 

Total . . . . ' «167235.32 

I  hereby  certify  that  the  above  is  a  true  and  correct 
statement  of  the  receipts  and  expenditures  of  the  Montana 
Bzperiment  Station  for  the  fiscal  year  ending  June  30, 1896. 

Peter  Koch,  Treasurer. 

We,  the  undersigned,  duly  appointed    auditors,  certiiy 

that  we  have  examined  the  above  account  and  and  find  it 

correct. . 

Nelson  Story, 

Attest: — Peter  Koch,  Secy.  Walter  Cooper. 

Dated  at  Bozenran,  this  1st  day  of  Sept.,  1896. 
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Annual  Report  of  the  Director,  for  the  Fiscal 

Year  Ending  June  30,  1896. 

STATION  STAFF. 

In  March  of  the  current  fiscal  year,  the  I'esignations  of 
Professors  Ryon  and  Foster,  were  accepted  to  take  place 
July  1st.  The  result  of  these  resignations  was  to  materially 
abridge  Station  work  during  the  last  half  of  the  year;  the 
field  work  for  1896  of  the  Agriculturist  was  conducted  by  the 
Horticulturist  until  July  15,  while  irrigation  experiments 
were  temporarily  abandoned  pending  the  employment  of  an 
irrigation  engineer. 

FARM  BUILDINGS. 

The  quota  of  Government  funds  applicable  to  construc- 
tion of  buildings,  was  used  in  the  completion  of  the  second 
&OOT  and  laying  a  rough  floor  in  third  story  of  Experiment 
building. 

The  second  story,  thus  finished  was  subdivided  int® 
suitable  apartments  for  the  residence  of  the  Director,  and  is 
thus  used,  while  the  third  or  attic  floor,  supplies  needftil 
storage  room  for  plat  grain  samples,  etc.  The  proceeds  of 
the  farm  crops  for  1895  were  devoted  to  the  construction  of 
a  farm  dwelling  house  32x35  feet,  a  story  and  a  half  in 
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height,  with  cellar  tinder  the  entire  building,  also  a  single 
story  building,  24x40  feet  for  storage  of  wagons,  machin- 
ery, etc. 

These  buildings  were  built  by  contract  and  cost 
$1,235.32  and  in  addition  to  this  sum  the  labor  of  certain  of 
the  farm  help  was  used  in  excavating  for  cellar  and  in  con-) 
struction  of  the  cellar  walls  (which  are  of  concrete)  and  in 
other  rough  w^ork  about  the  structures.  The  material  used 
for  outer  walls  of  buildings,  is  peeled  pine  logs  of  uniform 
diameter  and  length.  The  buildings  are  lathed  and 
plastered,  are  tasty,  convenient,  comfortable  and  durable, 
and  were  erected  at  much  less  outlay  of  time  and  money 
than  would  have  been  the  case  had  the  common  materials 
been  used. 

Settlers  in  many  parts  of  Montana  are  loQ^^ted  conven- 
iently to  this  kind  of  building  material,  and  by  using  suck 
for  farm  buildings  can  secure  desirable  permanent  improve- 
ments, much  in  advance  of  the  time  when  they  could  afford 
much  more  expensive  material  and  skilled  labor  for  the  con- 
struction of  frame  or  brick  buildings.  To  such  we  would 
cheerfully  on  request  supply  data  as  to  cost,  style  and 
method  of  construction  of  our  farm  buildings. 


EXPERIHENT  PLATS. 

In  addition  to  the  annual  "quality  and  quantity  test 
plats"  for  grains,  roots,  etc.,  permanent  grass  plats  consist- 
ing of  26  of  the  leading  grasses  and  clovers  were  sown  in 
tenth  acre  plats  for  purposes  of  comparison,  for  hay,  grazing 
meadows,  irrigation  tests,  and  chemical  analyses.  It  was 
discovered  early  in  the  season  that  owing  to  the  land  being 
infested  with  wild  oats,  that  it  was  i^npossible  to  secure  an 
even  stand  of  the  grasses  and  clovers.  It  was  thought 
that  by  repeated  mowings  of  the  plats  that  the  wild  oats 
could  be  kept  under  control,  but  so  persistent  is  this  pest, 
that  they  headed  out  and  matured  seed  so  close  to  the 
ground  that  the  heads  could  not  be  reached  with  a  sickle 
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bar,  and  while  for  ordinary  purposes,  the  grass  stands 
would  have  been  sufficiently  good,  to  warrant  leaving  them 
to  fight  it  out -with  the  wild  oats,  for  supremacy  and  occu- 
pancy of  the  land,  it  was  decided  to  condemn  and  plow  up 
the  plats  as  the  irregularity  of  the  stand  was  too  great  to 
admit  of  fair  variety  comparison. 

The  eradication  of  this  and  other  plant  pests  is  subject 
matter  for  serious  consideration  and  experiments  in  exter- 
minating the  same. 


GENERAL  FARM  CROPS. 

The  following  table  shows  the  acreage  and  yield  of  the 
farm  crops  of  the  present  fiscal  year: 

Barlgy,  37%  acres,  yield  per  acre  42®^5  bu. 

Oats,  19  acres,  yield  per  acre  60i%9  bu. 

Peas,  6^%oo  acres,  yield  per  acre  22i%oo  bu. 

Flax,  10  acres,  yield  per  acre  ll%oo  bu. 

Wheat,  12  acres,  yield  per  acre  23% 2  bu. 

Rye,  3  acres,  yield  per  acre  12  bu. 
Taken  as  a  whole  the  farm  crop  of  '95  compares  favor- 
ably with  that  of  *94,  and  gives  ample  proof  that  future 
successfial  farming  in  the  Gallatin  Valley  depends  more  upon 
skilfial,  intelligent  rotation,  than  upon  summer  fallowing. 
The  barley  shows  a  decreased  yield  of  l^^s  bu.  per  acre  less 
than  in  1894.  Nearly  half  of  the  barley  was  on  land  on 
which  barley  grew  in  1894  and  while  the  quality  grown  was 
very  choice,  the  yield  per  acre  was  less  than  half  that  grow« 
on  land  sown  to  peas  the  previous  year. 

In  the  case  of  barley  following  barley,  there  is  not 
sufficient  nitrogen  in  the  soil  to  give  the  young  plant  an 
early  and  vigorous  impulse,  it  does  not  stool  as  it  should  and 
the  result  is  that  with  the  same  amount  of  seed  sown,  the 
stand  is  thin,  the  straw  short,  and  the  3rield  insufficient, 
as  compared  with  barley  :sown  in  the  proper  rotation. 

The  oat  crop  of  1895  followed  in  large  part  the  oat  crop 
of '94,  with  an  increased  yield  of  18^%9  bu.  per  acre.    Upoa 
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two-thirds  of  the  land,  stable  manure  was  applied  upon  fall 
plowing,  at  the  rate  of  forty,  2  horse  loads  per  acre.  This 
was  well  disked  in  before  seeding,  and  had  the  manure  been 
well  rotted  and  applied  to  the  entire  piece,  it  is  safe  to 
assume  that  the  crop  yield  would  have  been  double  that 
of  *94.  In  parts  of  the  field,  the  manure  contained  too  much 
long  straw,  which  prevented  the  manure  from  being  worked 
down  into  the  soil  and  made  an  irregular  deposition  'of  the 
seed  and  increased  the  tendency  of  the  soil  to  dry  out. 
There  was  also  an  unequal  distribution  of  manure  in  places, 
the  result  of  pitching  from  the  wagon  with  forks  and  in  such 
places  the  grain  grew  too  rank,  fell  down  soon  after  heading 
and  did  not  fill  and  ripen  evenly. 

The  Canada  field  peas  of  '95  show  a  decreased  yield  of 
148%oo  bu.  per  acre  from  that  of  '94.  It  was  thought  that 
the  crop  of  *94  did  not  ripen  properly,  and  that  it  was  owing 
to  the  application  of  water.  The  crop  of  '94  was  twice 
irrigated.  But  a  small  part  of  the  pea  field  of '95  was  irri- 
gated, such  as  was,  having  been  done  by  waste  water.  The 
crop  suffered  materially  from  lack  of  water,  with  an  attend- 
ant decreased  yield.  The  name,  **Canada  field  pea"  is  a  very 
ambiguous  term,  as  there  are  said  to  be  79  varieties  of 
' 'Canada  pea."  The  sort  with  which  we  are  experimenting 
does  not  attain  growth  under  irrigation,  until  late  in  the 
season,  and  fresh  blooms  and  dead  ripe  peas  are  often  found 
on  the  same  plant.  The  threshed  pea  straw  is  an  excellent 
forage  plant  for  work  horses,  and  is  fed  to  good  advantage 
in  our  bams. 

The  wheat  crop  of  *95  shows  a  decreased  yield  of  five 
and  five-twelfths  bu.  per  acre,  as  compared  with  the  crop  of 
'94.  Nearly  half  the  '95  crop  was  from  seed  grain  grown 
by  the  Station  Agriculturist.  It  was  our  desire  to  produce 
choice  seed  grain  for  distribution  in  small  quantities.  At 
heading  time  it  was  observed  that  owing  to  impurity  of  seed 
sown,  that  it  would  not  produce  desirable  seed,  and  to  save 
the  expense  of  hand-harvesting  small  areas,  it  was  decided 
to  cut  the  various  sorts  at  one  operation  with  the  binder. 
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The  result  was  that  there  was  a  large  loss  sustained  by  ir- 
regular ripening  and  consequent  shelling  of  grain,  fully  as 
much  or  more  having  thus  been  lost,  than  would  suffice 
to,  bring  the  '95  yield,  up  to  the  average  of  *94. 

An  interesting  and  profitable  experiment  was  conducteii 
in  the  application  of  well  rotted  manure  to  growing  grain, 
with  the  "Kemp  &  Burpee*'  manure  spreader,  at  the  rate  of 
twenty  loads  per  acre.  This  application  was  continued  am 
late  as  June  26th.  The  wagon  and  team  in  passing  over  the 
growing  grain,  left  it  in  a  very  ragged  condition,  but  water 
was  applied  within  ten  days  and  it  speedily  rallied  and  made 
a  much  finer  growth  than  that  portion  of  the  field,  not  thus 
treated. 

The  '95  rye  crop  showed  a  yield  of  twelve  bu.  per  acre 
against  twenty-six  in  '94.  This  was  owing  in  part  to  a  dit 
fcrence  in  soil,  the  '95  crop  being  on  a  much  lighter  soil.  The 
season  of  germination  was  also  unfavorable,  and  the  stand 
was  not  nearly  so  good. 

CLOVER. 

Encouraged  by  the  results  from  seeding  red  clover  with 
grain  in  '94,  it  was  determined  to  sow  clover  upon  all  barley 
land.  This  was  done,  using  medium  red  clover  seed  at  the 
rate  of  7  Ibs.per  acre,  sown  with  a  Cahoon,  hand  broad-cast 
seeder  from  seven  to  ten  days  after  the  grain  was  sown,  af- 
terward crossing  the  seeder  marks  w^ith  a  fine  slant  tooth 
harrow.  The  seed  germinated  evenly  and  an  excellent  stand 
resulted.  Upon  all  lands  on  which  barley  followed  barley 
the  stand  and  growth  were  phenomenally  good,  because  ia 
addition  to  the  light  growth  of  straw  on  these  tracts  (which 
gave  the  clover  a  better  exposure  to  light  and  air,)  the  crops 
received  an  extra  irrigation,  which  was  given  to  stimulate 
the  barley  to  a  stronger  growth,  while  on  lands  follow- 
ing peas,  it  was  deemed  unwise  to  give  the  second  watering 
on  account  of  the  heavy  growth  of  barley  and  its  tendency 
to  fall  down. 

There  is  no  difficulty  in  securing  a  fine  stand  of  clover  on 
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all  grain  land  regardless  of  the  character  of  the  nurse 
trop.  The  principal  difference  noted,  was  seen  on  stttbble 
lands  after  the  grain  crop  was  harvested.  That  on  which 
the  lightest  grain  grew  might  have  been  fall  plowed  to  good 
advantage,  the  growth  of  clover,  both  of  top  and  root  being 
sufficiently  heavy  to  warrant  tnming  under,  for  green  ma- 
tturing. 

Further  experience  establishes  more  firmly  our  bdief  in 
the  unwisdom  of  summer  fallowing  as  a  profitable  mode  of 
farming.  In  Gallatin  county,  where  340  acres  is  the  aver- 
age sized  farm,  it  may  not  be  possible  to  sow  entire  farms 
each  year  to  small  grain,  and  those  producing  small  grain 
exclusively,  to  the  neglect  of  diversified  farming,  may  not 
be  able  to  crop  all  the  land  in  this  manner,  but  it  is  entirely 
possible  to  seed,  say,  a  third  ot  each  farm  to  clover  each 
season,  turning  this  under  at  the  end  of  each  period  of  three 
years,  and  the  profit  accruing  from  clover  culture  will  most 
certainly  amount  to  sufficient  to  pay  taxes  and  interest  upon 
such  lands  that  are  thus  used.  The  question  of  clover  grow- 
ing opens  up  an  extensive  field  for  speculation,  both  financial 
and  mental. 

Clover  fields  comprising  two-thirds,  or  even  one-half,  of 
the  area  of  our  farms  would  be  beyond  the  present  demand 
for  hay,  and  to  find  a  market  therefore  would  necessitate 
dairying,  swine-feeding  and  fattening  sheep  and  cattle.  If 
the  lands  can  be  seeded  at  an  expense  of  $1.00  per  acre  and 
such  expense  be  incurred  each  second  or  third  year,  with  the 
result  that  the  productive  ability  of  the  land  be  doubled,  and 
from  two  to  five. tons  per  acre  of  superior  forage  be  produced 
there  should  be  ways  and  means  found  to  market  the  in- 
creased forage  upon  the  farm.  Confirmation  of  this  is  found 
ill  consideration  of  the  Gallatin  county  crop  returns  for  '95. 
The  average  of  the  crops  are  as  follows: 

Oats  54  bu.  per  acre. 

Spring  wheat  31.8  bu.  per  acre. 

Winter  wheat  31  bu.  per  acre. 
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Barley  41.4  bu.  per  acre. 

Peas  35  bu.  per  acre. 
By  comparison  it  will  be  noted  that  the  oat  and  barley 
crops  of  the  Station  farm  exceed  the  general  average  of 
of  the  county,  and  that  the  Station  farm  pea  and  wheat 
crops  are  respectively  50  per  cent  and  33  per  cent  less  than 
the  average  and  this  difference  has  been  explained  in  a  man- 
ner that  will  not  cause  this  increased  gain  to  be  attributed 
solely  to  the  custom  of  summer  fallowing  as  practiced  i« 
Gallatin  county.  We  note  by  proper  returns  for  the  county 
that  more  than  three-fourths  of  the  Gallatin  farmers  make  a 
practice  of  summer  fallowing,  and  that  the  average  per  farm, 
thus  treated  in  '95  equalled  133  acres,  certainly  a  vast 
amount  of  land  in  the  aggregate  to  be  unemployed,  un- 
less there  be  a  better  reason  for  so  doing  than  is  indicated  by 
the  yearly  crop  statistics  of  the  valley.  In  farther  confirma- 
tion of  our  opinion,  may  be  cited  the  experience  of  Messrs. 
Law  &  Gilbert  of  Rothamstead,  England,  who  have  been 
conducting  scientifically  a  private  experiment  farm  for  up- 
wards of  50  years,  and  whose  deductions  and  conclusions 
stand  unchallenged  for  reliability  in  the  scientific  world.  On 
lands  farmed  continuously  to  wheat  without  fertilizers  for 
50  years  and  similar  lands  summer  fallowed  alternate  years, 
also  without  fertilizers,  they  show  that  the  lands  continu- 
ously farmed  to  wheat,  have  produced  in  the  aggregate  sub- 
stantially as  much  grain,  as  have  the  lands  that  have  beefli 
fallowed  each  alternate  season.  Had  a  system  of  rotation 
of  crops  been  pursued  on  the  unfallowed  lands  the  aggregate 
increase  of  grain  crops  would  have  been  much  greater  be- 
yond question. 


FARMERS'  INSTITUTES. 

Inability  to  secure  railway  transportation  for  workers 
engaged  in  institute  work,  has  precluded  engaging  in  this 
line  of  work,  rightfully  considered  as  among  the  most 
useful  in  which  Station  men  can  be  engaged.    It  is  con- 
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Idently  expected  that  this  obstacle  can  now  be  overcome 
and  that  a  limited  number  of  meetings  can  be  conducted 
in  the  state,  during  the  coming  yeAr. 


PRESS  LIST. 

Comparison  of  the  press  list  of  the  current  year  with 
those  of  former  years,  will  show  a  gratifying  increase  in 
numbers,  both  of  Montana  and  other  State,  publications. 
These  publications  come  to  us  in  exchange  for  Bulletins  of 
this  Station,  and  are  of  material  benefit  to  the  Station  staff 
as  well  as  to  those  students  who  ta^e  advantage  of  the  op- 
portunity to  read  them,  which  is  freely  extended.  It  is  a 
source  of  regret  that  the  list  of  State  papers  is  not  complete 
in  our  files,  and  that  there  are  some  Montana  Editors  who 
receive  our  Bulletins  without  sending  their  papers  in  ex- 
change. This  no  doubt  is  owing  to  oversight  and  is  here 
mentioned  with  the  hope  that  the  omission  to  place  the 
Station  upon  their  exchange  list,  will  be  promptly  corrected. 

The  following  newspapers  and  publications  were  kindly 
donated  to  the  Station  by  the  publishers  during  1895-6. 
These  are  on  file  in  the  Director's  office,  for  the  use  of  the 
Staff,  students  and  other  interested  readers: 

St.  Paul  Dispatch,  St.  Paul,  Minn. 

Farming,  Toronto,  Canada. 

Holstein  Friesian  Register,  Brattleboro,  Vt. 

Forest  Leaves,  Philadelphia. 

Orange  Judd  Farmer,  Chicago,  111. 

Farm  Reporter,  Charleston,  W.  Va. 

Irrigation  Age,  Chicago,  111. 

Ohio  Valley  Farmer,  Cincinnati,  Ohio. 

Northwestern  Printer,  St.  Paul. 

National  Stockman,  Pittsburg,  Penn. 

Sanitary  Inspector,  Augusta,  Maine. 

Inland  Poultry,  Indianapolis,  Indiana. 

Southwestern  Farm  and  Orchard,  Las  Cruces,  N.  M. 

Western  Field  and  Stream,  St.  Paul,  Minn. 

Jersey  Bulletin,  Indianapolis,  Ind. 

Farm  News,  Springfield,  Ohio. 

Farm  Students'  Review,  St.  Anthony  Park,  Minn. 
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Southern  Fanner,  New  Orleans,  La. 

Elgin  Dairy  Report,  Elgin,  111. 

Southern  Cultivator,  Atlanta,  Ga. 

Farm  and  Home,  Springfield,  Mass. 

Northwest  Magazine,  St.  Paul,  Minn. 

Farmers'  Guide,  Huntington,  Ind. 

American  Fertilizer,  Philadelphia,  Pa. 

National  Nurseryman,  Rochester,  N.  Y. 

Farmers'  Magazine,  Springfield,  111. 

Northwestern  Farmer,  St.  Paul,  Minn. 

Northwestern  Agriculturist,  Minneapolis,  Minn. 

Farm,  Stock  and  Home,  Minneapolis,  Minn. 

American  Agriculturist,  New  York  City. 

Gardening,  Chicago,  111. 

American  Florist,  Chicago,  111. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Minnesota  Horticulturist.  Minneapolis,  Minn. 

Practical  Nurseryman,  Huntsville,  Ala. 

Green's  Fruit  Grower,  Rochester,  N.  Y. 

Weekly  Sun,  Baltimore,  Md. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Riverside,  Red  Wing,  Minn. 

Republican,  Lake  City,  Minn. 

Dorset  Quarterly,  Washington,  Pa. 

Poultry  Monthly,  Albany,  N.  Y. 

Farmers*  Call,  Quincy,  111. 

Independent,  Helena,  Mont. 

Sentinel,  Boulder,  Mont. 

Avant  Courier,  Bozeman,  Mont. 

Chronicle,  Bozeman,  Mont. 

Pioneer,  Big  Timber,  Mont. 

Times,  Billings,  Mont. 

Belt  Valley  Times,  Belt,  Mont. 

Call,  San  Francisco,  Cal. 

Weekly  Tribune,  Butte,  Mont. 

Campbell's  Soil  Culture,  Sioux  City,  Iowa. 

Gazette,  Billings,  Mont. 

Inter  Mountain,  Butte,  Mont. 

Silverite,  Missoula,  Mont. 

liiter  Lake,  Kalispell,  Mont. 

Tribune,  Dillon,  Mont. 

Examiner,  Dillon,  Mont. 

Western  News,  Hamilton,  Mont. 

Leader,  Great  Falls,  Mont. 

Tribune,  Great  Falls,  Mont. 
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Democrat,  Lewistown,  Mont. 

Stockgrowers*  Journal,  Miles  City,  Mont. 

Yellowstone  Journal,  Miles  City,  Mont. 

Missoulian,  Missoula,  Mont. 

Mail,  Philipsburg,  Mont. 

Red  Lodge  Picket,  Red  Lodge,  Mont. 

North  West  Tribune,  Stevensville,  Mont. 

Madisonian,  Virginia  City,  Mont. 

Stockman  and  Farmer,  Helena,  Mont. 

Rocky  Mountain  Husbandman,  White  Sul.  Spgs.,  Mont. 

The  Rockies,  Dillon,  Mont. 

Oregon  Agriculturist,  Portland,  Or. 

Sportsmen's  Review,  Chicago,  111. 

Southern  States,  Baltimore,  Md. 

Agricultural  South,  Atlanta,  Ga. 

Grange  Visitor,  Charlotte,  Michigan. 

Homestead,  Des  Moines,  Iowa. 

Montana  Fruit  Grower,  Missoula.    . 

Great  Northern  Bulletin,  St:  Paul,  Minn. 

Market  Garden,  Minneapolis,  Minn. 

Nebraska  Farmer,  Lincoln. 

Republican,  Missoula,  Mont. 

Standard,  Anaconda,  Mont. 

The  Forester,  Princeton,  N.J. 

Wallace's  Farmer,  Ames,  Iowa. 

Success  With  The  Garden,  Rosehill,  N.  Y. 

Yellowstone  Recorder,  Billings,  Mont. 

Enterprise,  Livingston,  Mont. 

Western  Mining  World,  Butte,  Mont. 

Public  Ledger,  Philadelphia,  Pa. 

College  Exponent,  Bozeman,  Mont. 

Missoula  Messenger,  Missoula,  Mont. 

Glendive  Independent,  Glendive,  Mont. 

Horticulture,  Cuyahoga  Falls,  O. 

Western  Creamery,  San  Francisco,  Cal. 

Farmer's  Voice,  Chicago,  111. 

Farm  Journal,  Philadelphia,  Pa. 

DONATIONS. 

We  take  great  pleasure  in  acknowledging  the  receipt  of 
tke  following  contributions: 

Mrs.  H.  C.  Border,  Bozeman,  one  package  Tom  Thumb 
Med  pop-corn. 
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Paul  Zuber,  Paris,  France,  two  packages  Sainfoin. 

The  Deming  Co.,  Salem,  O.,  one  Vermorel  spray  nozzle. 

Sunset  Seed  and  Plant  Co.,  San  Francisco,  Cal.,  29  pack- 
ages sweet  pea  seed. 

T.  J.  Lynde,  Bozeman,  6  packages  sugar  beet  seed. 

J.  C.  Vaughan,  Chicago,  111.,  23  packages  flower  and 
garden  seed. 

W.  Atlee  Burpee  &  Co.,  Philadelphia,  Pa.,  56  packages 
flower  and  garden  seed. 

U.  S.  Department  of  Agriculture,  Washington,  D.  C,  75 
packages  ve^table  seed. 

Montana  Plaster  Co.,  Joliet,  2  sacks  land  plaster. 

Director  California  Experiment  Station,  2  packages  Au- 
stralian salt  bush. 

Joe  Munger,  Bozeman,  Mont.,  1  package  Egyptian  com. 

C.  H.  Dietz,  No.  8,  Gold  St.,  N.  Y.,  2  packages  Wohanka 
Ertragreicher  beet  seed;  1  pkg.  Zuckerreicher  beet  seed. 

Minnesota  Flax  Co.,  Minneapolis,  1  package  flax  fiber 
seed. 

M.  Flanagan,  Billings,  Mont.,  3  lbs.  broom  com  seed. 

DISCOUNTS. 

A  substantial  discount  from  wholesale  prices  was  made 
this  Station  by  the  John  Deere  Co.,  of  Moline,  111.,  for  a  Sin- 
gle disk  Secretary  plow.  This  is  a  combined  stirring  and 
sub-soiling  plow,  and  has  proven  to  be  a  practical  and  effec- 
tive implement. 

INVENTORY  OF  PERSONAL  PROPERTY. 

The  following  inventory  shows  personal  property  be- 
longing to  the  Experiment  Station  January  1,  1896: 

Farm  machinery  and  apparatus $2,206.35 

Veterinary  appliances 252.80 

Weather   instruments 43.00 

Chemicals 223.04 

Chemical  apparatus 1,676.43 

Photographic  apparatus 100.00 

Posts,  building  logs,  and  stove  wood 103.00 


Bulletin  No.  12.  THIRD  ANNUAL  REPORT.  73 


Stationery,  cuts  and  miscellaneous  supplies -.  206.47 

Office  fiimiture 444.47 

Live  stock 1,034.00 

Farm  house  furniture 190.42 

Total  $6,479.98 

BULLETINS. 

Four  Bulletins  of  the  regular  series  have  been  issued. 
Bulletin  No.  8  contains  the  annual  report  and  report  of  pro- 
gress upon  the  parasitic  ictero  haematuria  of  sheep,  thirty- 
two  pages,  5,000  copies;  No.  9,  Potates,  24  pages,  5,000 
copies;  No.  10,  Small  Grains,  22  pages,  5,000  copies;  No.  11, 
Devices  for  obtaining  a  constant  flow  in  laterals  with  varia- 
ble heads  in  ntain  canals  pr  reservoirs,  12  pages,  5,000  cop- 
ies. These,  with  the  present  report,  as  Bulletin  No.  12,  'will 
complete  the  full  series  due  under  the  law  at  the  close  of  the 
third  fiscal  year.  The  call  for  Bulletins  has  been  such  that  a 
revision  of  the  mailing  list  is  imperative,  with  a  view  of  cut- 
ting off  the  least  desirable  recipients. 

The  Legislature  could,  to  good  purpose  enact  a  law,  by 
which  the  Bulletins  of  this  Station  could  be  printed  at  State 
expense — this  is  done  in  some  states — and  would  effect  a  ma- 
terial saving  in  the  finanfces  of  the  Station. 

It  would  seem  that  the  State  could  well  afford  to  do  this, 
inasmuch  as  it  has  never  directly  contributed  one  penny  to 
the  support  of  this  institution.  So  far  it  owes  its  existence 
to  the  National  Government  and  Gallatin  county. 


REPORT  OF  THE  HORTICULTURIST. 

The  current  year  has  not  been  an  ideal  one  for  the 
orchardist,  the  spring  was  late,  and  other  pressing  work, 
combined  with  the  fitting  of  new  land  for  the  orchard  site, 
made  it  too  late  when  the  trees  were  finally  planted,  to 
insure  the  new  and  strong  growth  and  development,  which 
is  so  important  to  secure  the  first  season.  Abnormally 
early  and  severe  frosts  prior  to  the  natural  period  of  leaf 
and  wood  ripening,  had  injurious  effects  upon  fruit  trees 
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and  plants,  again;  the  heavy  tenacious  clay  subsoil  of  tke 
orchard  retained  moisture  beyond  expectation,  and  pro- 
longed growth  too  late  in  the  season,  so  much  so  that  much 
of  the  foliage  adhered  to  the  tree  until  well  along  in  the 
winter.  In  this  respect  the  trees  that  were  set  in  dynamited 
soil  ripened  up  much  better  than  those  set  in  normal  soil. 
These  conditions  coupled  with  the  nature  of  the  trees 
comprising  the  orchard,  embracing  as  it  does  138  different 
varieties  of  apples,  crabs,  plums,  prunes,  cherries,  pears 
and  apricots,  varing  as  greatly  in  difference  of  hardiness, 
as  in  kinds,  all  gave  reasonable  grounds  for  expectation  of 
considerablelossincident  to  the  planting  of  so  many  tender 
varieties.  The  winter  was  not  unusually  severe,  bt^t  the 
extremes  of  temperature  were  numerous  and  strongly 
defined,  such  as  usually  occasion  severe  injury  to  fruit  trees. 
In  addition  to  this,  ther^  was  not  that  perfect  and  ideal 
protection  afforded  by  a  medium  snow  fall,  which  to  be 
most  valuable  should  fall  in  earlv  winter  and  remain  until 
well  along  toward  spring.  There  were  intervals  of  con- 
siderable duration,  when  the  ground  was  entirely  bare  of 
snow,  accompanied  by  sharp  freezing  weather. 

There  appeared  to  be  no  root  injury,  spite  of  these 
adverse  conditions.  Early  in  the  season,  the  jack-rabbits 
began  to  girdle  stems  and  tops  of  pendant  limbs.  To 
protect  from  these,  the  stems  were  wrapped  with 
newspapers,  from  the  base  to  the  forks  and  these  secure- 
ly tied  in  place.  This  not  only  prevented  the  ravages  of  rab- 
bits and  field  mice,  but  protected  from  sun  scald  as  well.  In 
addition  to  protecting  the  stems  of  the  trees,  measures  were 
taken  for  the  destruction  of  vermin  by  slicing  sections  of  car- 
rots and  sprinkling  these  with  arsenic.  These  were  placed  on 
sharpened  sticks  12  to  18  inches  in  height  which  w^ere  stuck 
upright  into  the  ground  or  in  snow  drifts  along  the  outer 
rows  of  the  orchard  trees.  By  the  use  of  these  precautions 
the  total  damage  from  rodents  was  very  small.  The  follow- 
ing shows  the  variety,  and  number  of  those  planted, 
together  with  those  living  and  dead. 
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APPLE  LIST. 

SET  ALIVE  DEAD 

Yellow  Crimean 5  5 

Red  Queen 6  .6 

(Grandmother 5  4  1 

Gipsey  Girl 5  5 

Bogdanoff. 5  4  1 

Persian } 5  4  1 

Royal  Table 5  5 

12  M 5  5 

Rambour  Queen 5  4  1 

No.  257 ; 5  4  1 

Borsdorf 4  4 

Longfield 3  3 

Wealthy 5  5 

Alexander 2  2 

Tetofeky 5  5 

Arabskoe 2  2 

Fameuse 2  2 

Cross 1  1 

Gideon 3  3 

Veronesch 11  9  2 

Anisette 4  4 

ZuzoflF. ,...  5  5 

Aport 5  5 

Baiken 5  5 

Rosenhagen •. 5  5 

Orel  No.  11 5  5 

Good  Peasant ,....  6  6 

Lead  3  N 7  6  1 

Walbridge 2  1  1 

Northern  Spy 2  1  1 

Gravenstein 2  1  1 

Veronesch  Rosy "! 3  3 

Grimes*  Golden 2  2 

Red  Bietigheimer 2  2 

Hurlbut 2  2 

Fall  Pippin 2  2 

Ben  Davis 1  1 

Golden  Russet 5  5 

Keswick  Codlin 2  2 

Red  Astrachan 2  2 

Haas 3  3 

Okabena 3  3 
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Thompson's 24 

Sutton  Beauty 2 

Maiden  Blush 2 

Duchess 5 

Scott's  Winter 3 

Wolf  River 3 

Hibernal 3 

St.  Lawrence 2 

Talman  Sweet 2 

Yellow  Transparent 2 

Pewaukee 2 

Total  214 

PEARS. 

SET 

Giffard 2 

Frederick  Clapp 2 

Flemish  Beauty 2 

Tvson 2 

Winter  Nelis 2 

Anjou 2 

Boussock 2 

Doyenne  d  Ete 4 

Augouleme 2 

Sheldon 2 

Seckel 2 

Lawrence 2 

Total  26 


24 
2 
2 
5 
3 
3 
3 
2 
2 
2 
2 


203 


ALIVE 
2 

2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 

26 


11 


DEAn 


CRAB  APPLES. 

SET 

Pride  of  Minneapolis 3 

Whitney 5 

Hislop.; 2 

Transcendent ^ 5 

Greenwood 3 

Bailey's  Crimson 3 

Martha 3 

Virginia 3 

Orange 3 

Early  Strawberry 3_ 

Total  33 


ALIVE 

3 
5 
2 
5 
3 
3 
3 
3 
3 
3_ 

33 


DEAD 
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CHERRY  TREES. 


•  SET 

Yellow  Glass 5 

Orel  No.  24 ^ 5 

Slanka 5 

Amarilla 2 

Lntovka 5 

Griotte  du  Nord 5 

Bessarabian 5 

Black  Tartarian 3 

Griotte  Precose 5 

King's  Morello 5 

Royal  Duke 2 

Wragg 3 

May  Duke 2 

Ostheim 3 

Windsor 1 

Tradescant 2 

Montmorency 2 

E.Richmond 2_ 

Total  62 


ALIYE 

4 
5 
5 
2 
4 
4 
3 


DEAD 
1 


1 

4 

4 
2 
1 
0 
1 
0 
2 
2 
2 


1 
1 
2 


2 

1 
1 

2 
2 
2 
1 


46 


16 


Gibb 

Alexandria, 
Bndd 

Total 


George  Glass. 

Hungarian 

Communia 

Total  26 


APRICOTS. 

SET 

3 
3 
3 

9 

SET 

3 
15 

8  . 

ALIVE 
2 

2 
3 

7 

ALIVE 
2 
15 

7 

DEAD 
1 

1 

2 

PRUNES. 

m 

DEAD 
1 

1 

24 
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PLuris. 

,  SET  ALIVE 

Tatge 3  3 

Charles  Downing 2  2 

Spanish  King 1  1 

Riga  No.  113 5  2 

Wason 1  1 

Moldovka 5  5 

Ogon 5  5 

Wyant 2  2 

F.  Garden 3  3 

Milton; 3  3 

Yellow  Veronesch 5  5 

Hammer 3  3 

Maquoqueta 5  4 

Yellow  Glass 7  6 

Wild  Goose 3  3 

Wolf. 3  2 

RoUingstone 3  3 

McLaughlin 2  2 

Desota 8  8 

Weaver 3  3 

Hawkeye 3  1 

Smith's  Orleans 2 

Lombard 2  2 

Green  Gage 3  3 

Coe's  Golden  Drop 2  2 

Bavay's  Green  Gage 2  2 

Fellemburg 2  1 

Peter's  Y.  Gage... 2^  2 

Total  90  79 


DEA) 


1 

1 


2 
2 


11 


RECAPITULATION. 

SET 

Apples 214 

Crab  Apples 33 

Pears 26 

Cherries 62 

Apricots 9 

Prunes 26 

Plums 90 

Total  460 


ALIVE 

DEA» 

203 

11 

33 

26 

46 

16 

7 

2 

24 

2 

79 

11 

418 


42 
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Set  in  spring  1895 44-2 

Set  in  spring  1896 18 

Total  460 

Dead  of  spring  1895  planting 41 

Dead  of  spring  1896  planting 1 

Total  42 

Twenty-six  varieties  of  apples  are  Russian,  obtained 
from  Prof.  J.  L.  Budd,  Horticulturist,  of  the  Agricultural 
College  of  Ames,  Iowa.  These  were  one  and  two  years  from 
the  graft,  and  while  they  comprise  about  one-half  of  the 
apples  planted,  the  loss  is  much  heavier  relatively  with  these 
than  with  American  apples,  the  loss  among  Russians  being 
eight  while  those  dead  of  other  sorts  amount  to  three  in 
Mumber. 

The  list  set  is  an  extended  one  and  was  planted  not  only 
as  a  test  of  hardiness,  but  to  have  growing  in  Montana  an 
•rchard,  the  varieties  of  which  are  true  to  name.  The 
aecessity  of  thisis  owing  to  the  many  instances  that  have 
•ome  to  our  notice,  of  trees  that  have  been  sold  and  delivered 
tttider  fraudulent  names. 


NURSERY  GROWN  TREES. 

For  the  purpose  of  determining  desirable  sorts  for  Mon- 
tana, and  of  growing  sorts  true  to  name,  as  well  as  to  test 
the  quality  of  this  state  for  producing  nursery  grown  trees, 
there  was  set  in  the  spring  of  '96,  10,100  sort  grafts,  100 
each  of  101  sorts,  as  follows: 

American  Summer  Pearman,    Gano, 

Canada  Red  June,  Gravenstein, 

Duchesse,  Huntsman, 

Early  Harvest,  Iowa  Blush, 

Early  Strawberry,  Isham's  Sweet, 

Early  Red,  Hersey  Sweet 

Early  Pennock,  Jannett, 

Keswick  Codlin,  Charlottenhaler, 

Red  Astrachan,  King  of  Tompkin's  Co. 
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Chenango  Strawberry, 

Yellow  Transparent, 

Autumn  Strawberry, 

Alexander, 

Cole's  Quince, 

Fameuse, 

Flora  Belle, 

Haas, 

Longfield, 

Maiden  Blush, 

Leibe, 

Rolfe, 

Ramsdell  Sweet, 

Red  Bietigheimer, 

Wealthy, 

Hibernal, 

Hubbard  Nonsuch, 

Arkansas  Beauty, 

Arkansas  Black, 

Allen's  Choice, 

Belle  de  Boskoop, 

Bailey's  Sweet, 

Black-twig, 

Carthouse, 

Clayton, 

Delaware, 

Red  Winter, 

Stump  The  World, 

Spitzenburg  Esophus, 

Twenty  Ounce, 

Utter's  Large  Red, 

Yellow  Belleflower, 

York  Imperial, 

Yellow  Newton  Pippin, 

Minkler, 

Florence, 

Gideon, 


Lawyer, 
Lansingburg, 
Missouri  Pippin, 
Milam, 
Mann, 

McMahon's  White, 
Northern  Spy, 
N.  W.  Greening, 
Perry  Russett, 
Plums  Cider, 
Price's  Sweet, 
Pewaukee, 
Pumpkin  Sweet, 
Roxbury  Russett, 
Rome  Beauty, 
Roman  Stem, 
Rubicon, 

"Rhode  Island  Greening, 
Ripston  Pippin, 
Salome, 
Okabena, 
Shockley, 
Scott's  Winter, 
White  Winter  Pearman, 
Smith's  Cider, 
Stark, 

Grime's  Golden  Pippin, 
Milton, 

Montreal  Beauty, 
Walbridge, 
Willow  Twig, 
Wine  Sap, 

Winter  Sweet  Paradise, 
WolfRiyer, 
Talman  Sweet, 
Lowell, 
Sweet  June, 
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Golden  Beauty,  Seek-No-Farther, 

Hugh's  Virginia,  James  Sweet, 

Martha,  Rambo, 

Queen's  Choice  Cluster,  Ben  Davis, 

Minnesota,  Red  June, 

Tetofeky,  F^^tneuse, 

Transcendent,  Dominie, 

Van  Wyck,  Smokehouse, 

White  Arctic,  Baldwin, 

Whitney  No.  20,  Alaska. 
Lady  Elgin, 

These  grafts  were  made. in  March,  1896,  were  wound 
with  waxed  cotton  thread  instead  of  waxed  paper,  and  were 
packed  for  shipment  in  moss.  The  result  of  this  method 
of  grafting,  while  practiced  by  many  large  nurserymen,  is 
not  the  best  to  secure  an  even  stand  of  grafts.  Grafts  made 
in  this  manner  in  December  and  packed  away  in  a  suitable 
cellar,  will  between  that  time  and  the  spring  following 
undergo  what  is  termed  a  **callousing"  process,  namely,  a 
healing  of  the  cut  surfaces  of  both  root  and  cion.  Grafts 
that  are  bound  .with  waxed  paper  are  less  liable  to  fungous 
attacks,  or  to  decay  from  moisture  penetrating  between 
graft  and  cion,  or  to  wither  up  from  a  lack  of  moisture 
when  planted  out,  than  is  the  case  when  the  graft  is  freshlj' 
made,  and  set  before  nature  has  time  and  opportunity  to 
heal  the  fresh  wounds.  45  per  cent  of  the  root  grafts  set  in 
spring  of  '96  grew;  these  have  made  fair  growth. 

There  are  growing  on  our  test  grounds,  certain  varieties 
of  apple  trees  and  grafts,  that  have  been  secured  from  four 
different  firms,  thus  lessening  the  likelihood  of  erroi:  in 
ttomenclature  of  these  varieties,  one  lot  acting  as  a  check 
lipon  others.  Many  of  the  trees  grown  from  these  grafts 
will  be  planted  in  the  experiment  orchards,  and  the  surplus 
will  be  sold  in  limited  quantities  at  such  prices  as  will  cover 
cost  of  production,  not  with  the  idea  of  entering  into  compe- 
tition with  Montana  nurserymen,  but  rather  with  the  hope 
and  expectation  of  being  helpful  to  them  in  promoting  and 
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increasing  interest  in  the  work.  The  production  of  fruit  itt 
Montana  has  been  shown  to  be  an  industry  worthy  of 
fostering  care,  and  the  best  effort  of  the  Station  will  be 
exercised  in  solving  questions  of  the  utmost  importance  to 
those,  who  as  yet,  are  practically  inexperienced  in  the 
work. 

In  the  future,  root  grafts  that  are  to  be  planted  on  this 
Station,  will  be  made  here,  adding  to  the  present  selection, 
such  varieties  of  fruit,  as  appear  to  be  promising  to  the  state. 
This  list  will  be  necessarily  a  large  one,  inasmuch,  as  there 
is  no  state  in  the  union  that  has  so  varied  conditions  for 
fruit  growth.  There  are  sections  of  the  State  in  which  any  or 
all  of  the  apples,  crabs,  plums,  iprunes,  peaches,  Apricots,  cher- 
ries and  pears  that  are  grown  in  the  Pacific  Statescan  besuc- 
ccessfuUy  grown,  while  again,  there  are  in  the  Northeastern 
part  of  the  state,  the  lower  Missouri  Valley,  and  in  some  of 
the  high  lying  valleys,  large  areas  in  which  only  the  very  har- 
diest of  the  apples  and  crabs  can  be  grown .  Tender  varieties  of 
the  various  fruits  can  be  more  successfully  grown,  as  nursery 
trees,  than  can  be  expected  to  stand  as  orchard  trees,  hence  ■ 
it  may  be  expected  that  the  conditions  existing  in  this  valley 
are  favorable  to  an  experiment  nursery. 


STRAWBERRY  CULTURE. 

The  land  selected  for  strawberry  beds  was  virgin  soil.  It 
was  broken  up  in  August,  1894,  worked  down  from  the  sod 
as  well  as  might  be,  with  various  harrows,  disks,  etc.,  and 
was  covered  with  water  for  perhaps  five  weeks.  The  spring 
following  it  again  received  good  cultivation,  leaving  it  in  as 
good  shape  for  the  reception  of  plants  as  was  possible  under 
the  circumstances.  Without  a  full  appreciation  of  the 
necessit3'^  of  having  a  perfect  grade  for  the  best  service 
of  water,  and  believing  it  to  be  naturally  sufficiently  level, 
no  attempt  was  made  to  bring  it  to  grade.  The  necessity 
for  this  was  seen  at  a  later  date,  in  the  failure  to  obtain  a 
perfect  stand  in  several  of  the  varieties  that  were  set.  This 
tract  of  land  is  27  rods  in  length,  24  feet  in  width,  rows  rua- 
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mng  north  and  south  four  feet  apart.  The  plants  were  set 
18  inches  apart  in  the  rows.  In  selecting  plants  for  the  ei- 
fierimental  plat  beds,  such  varieties  were  purchased  as  are 
known  to  be  popular  plants  in  the  leading  strawberry  sec- 
tions of  the  Union.  To  these  were  added  those  that  are  giv- 
ing  the  most  general  promise.  These  were  ^et  indiscrimin- 
ately, without  reference  to  sex  or  bloom  period,  it  being 
thought  wiser  to  first  secure  data  on  our  own  grounds  and 
then  reset  to  the  best  general  advantage  with  those  plants 
(iving  the  most  general  promise. 

The  strawberry  offers  great  inducements  to  propagators, 
iKcause  unlike  other  frq|ts,  it  comes  to  bearing  very  early. 
The  result  of  this  is  that  there  are  countless  new  kinds  put 
«pon  the  market  that  possess  only  local  value  and  are  ex- 
iriloited  at  large  expense  for  propagation  and  advertising. 
The  great  majority  of  introduced  strawberries  are  absolutely 
worthless  for  general  cultivation.  It  is  estimated  that  more 
than  1,000  new  strawberries  have  been  introduced  within 
the  past  quarter  of  a  century,  many  of  which  have  long  since 
keen  forgotten.  There  are  but  few  of  the  old  popular  stand- 
bys  that  have  held  a  place  in  the  general  lists,  and  some  of 
Aese  have  serious  faults.  Various  qualities  must  exist  to 
constitute  a  perfect  berry.  These  are  flavor,  color,  size,  tex- 
ture, vigor  of  plant,  season  and  productiveness. 

Perhaps  the  most  important  of  these  qualities  to  the 
market  berry  grower  are  size,  texture  of  fruit,  and  produc- 
tiveness. The  fruit  must  commend  itself  to  the  purchaser, 
by  its  general  appearance.  Size  and  firmness  have  more  to 
do  with  this  than  any  other  conditions.  A  large  soft  berry 
leaches  the  consumer  (who  as  a  rule  is  more  than  100  miles 
from  the  production  point)  usually  in  a  crushed  condition^ 
juid  is  practically  valueless  as  a  wholesome  article  of  food, 
and  again,  unless  the  plants  bear  abundantly  the  grower 
markets  them  at  a  loss,  as  the  expense  attendant  upon 
•trawberry  growing  is  large  and  unlike  other  fi-uit  crops  can 
mot  be  harvested  at  one's  leisure.  To  one  growing  for  the 
kome  table,  the  flavor,  vigor  of  pla^t  and  productiveness 
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are  more  important  considerations,  as  the  home  table  is 
more  likely  to  be  critical  than  the  majority  of  purchasers. 

Locally  the  season  for  blooming  and  fruiting  is  an  im- 
portant consideration.  The  altitude  of  the  Station  (4,793 
feet)  precludes  competition  with  the  lower  lying,  warmer 
valleys.  Careful  study  has  therefore  been  made  of  these 
points,  with  the  object  of  determining  those  varieties  that 
bloom  after  the  usual  period  for  late  general  spring  frosts. 
The  bloom  period  was  quite  successfully  delayed  for  a  fill! 
week  after  unprotected  beds  were  in  full  bloom,  by  delaying 
the  removal  of  mulching  with  which  the  strawberry  beds 
had  been  covered.  The  mulch  wa^mainly  well  rotted  straw 
taken  fi-om  the  butt  of  a  straw  pile  four  years  old  and  w^as 
applied  January  29, '96,  and  was  removed  from  the  plants 
into  the  vacant  .spaces  between  the  rows  on  April  25,  '96, 
and  was  not  finally  removed  from  the  beds  until  the  plants 
had  completed  full  fruiting.  It  was  noted  that  irrigation 
was  much  more  successfully  performed  while  the  half  rotted 
straw  remained  between  the  rows,  as  rapid  evaporation  of 
moisture  and  washing  of  the  soil  were  avoided  by  the  mulch. 

The  value  of  mulch  as  protection  to  plants  is  shown  by 
the  fact  that  a  critical  examination  of  the  bed  after  the 
mulching  was  removed,  showed  but  one  plant  to  have  died 
ft-om  winter  killing. 

The  parent  plants  were  purchased  fi-om  W.  F.  Allen,  Jr., 
of  Salisbury,  Md.,  and  were  ordered  to  arrive  April  20,  1895. 
A  combination  of  circumstances  prevented  setting  the  plants 
until  30  days  after  they  were  dug,  and  that  a  fair  stand  was 
procured  is  ample  testimonial  first  to  the  quality  of  the 
plants  and  the  way  in  which  they  were  packed,  and  second, 
to  the  desirability  of  a  cool,  well  ventilated  cellar  on  the 
farm.  In  such  a  cellar  they  were  kept  in  perfect  order,  by  re- 
moving from  the  packing  cases,  moistening  the  roots,  and 
piling  together  in  two  shallow  rows,  roots  to  the  center, 
these  being  covered  with  sphagnum  (cranberry  moss)  until 
they  were  planted.  As  rapidly  as  a  row  of  plants  was  set  it 
was  irrigated  and  notwithstanding  the  spring  was  dry,  coM 
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and  windy  a  good  stand  resulted.  Twenty-five  plants  of  a 
kind  wei^  set.  The  following  table  shows  variety,  date  of 
first  bloom,  time  of  fitist  friiit,  also  yield  in  pounds  and 
ounces,  from  twenty-five  plants: 


STRAWBERRY  LIST. 


Micbers  Early. . . . 

Crescent 

JBeder  Wood 

Lovett 

Warfield. 

Yan  Deman 

lyauhoe 

Paris  King 

Robinson.. 

I^ayman  No.  1 . . . 

Dayton 

Haverland 

Beverly 

Bisel 

Stevens^ 

Bubacb  ?f  o.  5 

Edgar  Queen 

Sandoval 

Hoffman  No.  1 . . . 

Brandy  wine 

Columbian 

Leader ^  . . . 

S  clone 
nnessee  Proliflc 
Crawford.  —  -... 
Meek*s  Early .(... 

Gandy  Belle 

Arrow 

Great  Pacific 

Enormous 

Mrs.  Cleveland  . . . 
Wilson*9  Albany.. 

BDhance 

Barton's  Eclipse  . 

Timbrell 

Chairs  Seedling... 
General  Putnam.. 


Staminate 

Pistillate 

Staminate 

Staminate 

Pistillate 

Staminate 

Staminate 

Staminate 

Staminate 

Pistillate 

Staminate 

Pistillate 

Staminate 

Pistillate 

Staminate 

PistUlate 

Pistillate 

Staminate 

Staminate 

Staminate 

Staminate 

Staminnte 

Staminate 

Staminate 

Staminate 

Staminate 

Staminate 

Pistillate 

PiRtillate 

Pistillate 

Pistillate 

Staminate 

Staminate 

Pistillate 

Pistillate 

Staminate 

Pistillate 


June  7 
June  9 
June  10 
June  13 
June  9 
Junes 
June  14 
June  12 
June  12 
June  12 
June  8 
Junes 
June  14 
June  14 
June  12 
June  15 
June  14 
June  16 
June  14 
June  21 
June  15 
June  9 
June  13 
June  9 
June  15 
June  16 
June  12 
June  12 
June  15 
June  16 
June  15 
June  12 
June  9 
June  9 
June  S 
June  15 
Junel^ 


July  4 
July  5 
July  5 
July  5 
July  5 
July  5 
July  5 
July  5 
July  6 
July  6 
July  6 
July  6 
July  7 
July  6 
July  6 
Julys 
Julys 
July  13 
Julys 
July^7 
July  10 
Julys 
July  8 
Julys 
Julys 
Julys 
July  9 
JulvD 
Julv  9 
July  9 
July  9 
July  9 
Julv  9 
July  9 
July  15 
Julv  10 
July  10 


2 

13 

17 

22 

16 

5 

16 

17 

14 

21 

5 

3 

11 

27 

1 

7 

10 
4 
I    4 

;  10 

3 

7- 
22 
16 

i    6 

19 
5 
2 

15 

8 

24 

12 

4 

2 

4 


lb  II  oz 
lb  Soz 
lb  11  oz« 
lb  1  oz 
lb  14  oz 
lb  15  oz 


ft) 
lb 
lb 
lb 
lb 


7oz 
9oz 
7  oz 
Soz 
6oz 
lb  15  oz 
lb  5  oz 
lb  11  oz 
lb  14  oz 
lb  5  oz 
lb  13  oz 
lb  3  oz 
ft)  6  oz 
berries 
lb  14  oz 
lb  11  oz 


lb 
lb 
lb 

lb 
lb 
lb 
lb 
lb 

lb 
lb 

t!) 

lb 


7  oz 
6oz 

4  oz 
7oz 
7  oz 

10  oz 

6oz 

13  oz 

2oz 

5  oz 
7  oz 
Soz 
1  oz 
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STRAWBERRY  LIST.-Contlnued. 


CD 


CO 


(lovernor  Hoiird 
Victor  Hugo. . . . 
Shuster's  (lem... 

Spleiidicl 

Swindle 

Uio 

K.  P.  Roe 

Princess 


:    ^ 


S3 
:   » 


Parker  Earle. . . 

^lickitat 

Gillespie 

Crreenville 

Belmont 

Eureka    

ShHrpIess 

Muskingum 

Princeton  Chief. 

Juy  Gould 

Gandy 

Banquet 

Belle 


Staminate 
»stjjminate 

Pistillate 
Stamrnate 

Pistillate 
Staininate 
8»  am  in  ate 

Pistillate 
Stamiuate 

Pistillate 
Staminate 

Pistillate 
►Staminate 

Pistillate 
St  ami  n  ate 
Staminate 

Pistillate 

l*istillate 
Staminate 
Staminate 
Staminate 


June  12 
June  12 
June  12 
June  14 
June  12 
June  15 
Uune  12 
June  13 
June  12 
June  11 
June  13 
June  12 
June  14 
June  12 
June  13 
June  15 
June  15 
June  19 
June  19 
June  If) 
June  IB 


July 

July 

July 

July 

Jul?  9 

July 

July 

July 

July 
July 
July 
July 
July 
July 
July 
July 
Julv 
July 
July 
July 
July 


0 
0 
0 

0 

I 

0 
2 
I 
1 
0 
1 
1 
1 
1 
1 
1 
2 
3 
3 
3 
5 


12  lb 

4  K) 

5  tt> 
22  lb 

13  lb 


1 
5 


lb 


9  lb 

3  lb 

13  lb 

2  fib 
8  lb 
7  lb 
6  lb 
6  lb 

3  lb 


4 
1 
4 
2 

8 


lb 
lb 
lb 
lb 
lb 


60Z 
5  oz 
13  oz 
9oz 
2oz 
2oz 
60Z 

4  oz 
60Z 

15  oz 
1  oz 
3oz 

13  oz 

12  oz 

5  oz 

13  oz 
80Z 

13  oz 

10  oz 

10  oz 

4  oz 


The  strawberry  has  been  claimed  to  j)ossess  strong  local  * 
characteristics,  and  frequently  is  dependent  upon  peculiar 
local  conditions  for  success.  This  season's  experiments  prove 
the  truth  of  tins  statement.  That  a  strawberry  achieves  a 
great  reputation  in  a  certain  locality,  is  no  reason  that  it 
may  be  expected  to  succeed  equally  as  well  elsewhere,  and 
emphasizes  the  importance  of  experimentation,  before  one 
plants  largely  of  any  of  the  untried  sorts. 

It  is  proposed  to  continue  strawberry  experiments,  mak- 
ing careful  selections  of  sorts  that  have  simultaneous  bloom 
and  fruit  periods,  of  planting  such  contiguous  to  each  other, 
so  that  perfect  pollination  may  ensue. 

Hay  fever  is  now  conceded  to  be  caused  by  the  irritating 
influence  of  the  pollen  of  certain  plants  upon  the  sensitive 
mucuous  membranes  of  the  head;  and  while  the  pollen  of  the 


\ 
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strawberry  plant  may  not  be  so  readily  transmissible  as  that 
of  other  plants,  it  is  important  to  determine  the  proper  per- 
centage of  staminate  sorts  that  should  be  set  with  pistillate 
sorts.  It  is  well  known  to  nurserymen  that  pistillate  sorts 
properly  fertilized  are  much  more  productive  than  staminate 
sorts  when  set  alone. 

The  direction  of  prevailing  winds  will  also  be  noted 
during  the  fertilizing  period,  to  settle  the  distance  that  pollen 
is  transferred,  also  whether  pollination  may  be  successfully 
accomplished  without  the  offices  of  insects. 

In  observations  upon,  new  varieties  it  is  thought  to  be 
advisable  to  consider  the  character  of  the  fruit  and  leaf  stems 
of  the  plants,  also  of  the  general  character  of  the  foliage,  as 
the  value  of  a  strawberry-  plant  grown  under  irrigation  is 
largely  dependent  upon  the  ability  of  the  plant  to  hold  its 
foliage  and  fruit  well  up  from  the  ground,  and  thus  avoid 
soiling  the  fruit  b3'  contact  with  the  ground  made  muddy  by 
irrigation  and  also  leaf  scald,  resulting  from  foliage  being 
immersed  in  water. 

When  practicable,  water  was  applied  to  the  beds  at 
night,  this  in  great  measure  preventing  sun  scald.  The 
character  of  the  soil  in  which  the  plants  are,  is  such  as  to 
dry  out  rapidly  when  the  water  is  diverted  from  the  plants. 


NOTES  UPON  VARIETIES. 

MiCHELs'  Early.— In  best  bloom  June  15th,  rank  growth 
of  foliage,  poor  bloomer,  running  freely  June  26th.  This  is 
a  standard  variety  in  the  Mississippi  valley,  but  is  practically 
worthless  upon  these  grounds. 

Crescent. — In  full  bloom  June  26th,  a  rank  gi'ower,  run- 
ning freely  on  same  date,  fruit  stems  delicate,  foliage  dense, 
low  grower,  was  not  properly  fertilized,  but  produced  suf- 
ficiently well  to  be  in  the  class  yielding  over  one-half  pound 
to  the  plant. 

Bbder  Wood.— In  full  bloom  June  20th,  runners 
starting  on  same  date,  luxuriant  foliage,  leaf  and  fruit  stalks 
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strong  and  erect,  a  liberal  bearer  of  good  sized  fruit,  of  fair 
quality,  a  desirable  variety  for  home  use. 

LovETT. — In  fall  bloom  June  26th,  medium  foliage,  low 
growth,  an  excellent  bearer,  among  the  best. 

Warfield. — This  is  a  leading  pistillate  variety  in  the 
Mississippi  Valley.  Owing  to  the  condition  of  ground  whc« 
set,  a  good  stand  was  not  secuired  and  vacancies  were  filled 
with  new  plants  in  the  spring  of  1896.  New  plants  were 
forming  June  26th,  growth  medium. 

Van  Peman.— In  full  bloom  June  26th,  a  weak  growth  of 
foliage,  a  very  moderate  bloomer  and  fruiter. 

IvANHOE. — ^In  fall  bloom  June  24th,  a  vigorous  grower, 
leaf  and  fruit  stalks  erect  and  vigorous,  a  free  and  abundant 
bloomer,  no  new  plants  set  until  July,  among  the  most  pro- 
ductive bearers,  and  the  firuit  is  of  exceptionally  good  quali- . 
ty,  both  as  to  size  and  flavor. 

Paris  King. — In  full  bloom  June  26th,  a  strong  grower, 
but  foliage  close  to  ground,  one  of  the  promising  varieties. 

Robinson. — Setting  new  plants  and  in  heighth  of  bloom 
June  26th,  a  good  producer,  fruit  below  medium  size  but  af 
good  quality. 

Stayman  No.  1. — A  medium  grower,  strong,  vigorous 
fruit  and  leaf  stems,  in  fall  bloom  June  26th,  a  variety  that 
will  prove  to  be  profitable. 

Dayton. — A  weak  development  of  foliage,  thin  and  close 
to  the  ground,  offers  but  little  promise. 

Haverland. — An  old  popular  variety,  a  medium  grower, 
was  not  sufficiently  fertilized  to  give  it  a  fair  test,  quality 
and  size  of  fruit  above  medium,  in  fall  bloom  June  26th. 

Beverly. — In  full  bloom  June  23d,  runners  not  developed 
until  August,  quality  and  quantity  of  fruit  sufficient  to  war- 
rant trial. 

BiSEL.— In  fall  bloom  June  24th,  strong,  vigorous  growth 
of  foliage,  leaf  and  fruit  stem  developra^ent  of  medium  height, 
new  plants  setting  in  August;  the  heaviest  yielder  of  good 
sized  and  firm  fruit,  and  the  most  promising,  a  pistillate  va- 
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riety,  and    when  set  with  proper  pollenizing  variety,  will 
make  a  choice  market  variety. 

Stevens. — Good  foliage  development,  but  worthless  on 
these  grounds. 

Edgar  Queen.— In  full  bloon^  June  24th,  of  feeble  growth, 
worth V  of  trial. 

Sandoval. — A  strong,  vigorous  development  of  plant, 
but  gives  little  promise  of  profitable  fruiting. 

BuBACH  No.  5. — A  standard  market  berry  in  the  east, 
but  comparatively  valueless  on  these  grounds. 

Brandy  Wine. — A  vigorous  growth  of  foliage,  of  deep,- 
rich  color,  new  plants  developing  August  1st;  a  poor  bloom- 
er and  fruiter,  a  good  illustration  of  the  perversity  of  the 
strawberry.  This  is  a  leading  sort,  highly  advertised  in  the 
east,  but  it  averaged  less  than  half  a  berry  to  the  plant,  on 
these  grounds. 

Hoffman  No.  1. — Original  plants  did  poorly,  stand  made 
from  re-set  plants  spring  of  1896,  late  both  in  bloom  period 
and  in  development  of  new  plants,  an  indifferent  bearer. 

Columbian.— A  good  development  of  foliage,  leaf  and 
fruit  stems  of  strong  and  upright  habit,  an  indifferent  bearer. 

Leader. — In  full  bloom  June  17th,  setting  new  plants 
June  26th,  foliage  light,  considered  worthy  of  farther  trial. 

Cyclone.— A  plant  of  excellent  promise,  abnormally 
strong,  thick  fruit  stems,  late  in  development  of  new  plants; 
third  best  berry  tested,  as  to  quantity  and  quality. 

Tennessee  Prolific— In  full  bloom  June  26th,  foliage 
thin  and  sparse,  fruit  stems  strong  and  vigorous,  an  excel- 
lent variety. 

Crawford.— Unfavorably  located  in  setting,  poor  stand, 
new  plants  re-set  spring  of  1896,  worthy  of  trial. 

Mebk's  Early.— Practically  worthless. 

Gandy  Bell.— In  ftill  bloom  June  26th,  not  up  to  aver- 
age in  foliage,  but  among  the  best  of  the  ftnaiters. 

Arrow. — Indifferent  stand,  re-set  with  new  plants,  spring 
of  1896,  a  vigorous  grower,  but  poor  fruiter. 
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Great  Pacific. — Rank  growth  of  foliage  and  new  plants, 
but  extremely  indifferent  in  fruiting. 

Enormous. — Properly  named,  both  as  to  plant  develop- 
ment and  size  of  fruit;  with  proper  fertilization  this  variety 
would  rank  with  the  best  of  yielders. 

Mrs.  Cleveland. — A  producer  of  rank  foliage,  but  doe« 
not  give  sufficient  fruit  to  warrant  setting. 

Wilson  Albany. — Unfortunate  in  location  but  a  smaH 
per  cent  of  plants  grew,  bed  re-set  spring  of  1896,  but  new 
plants  were  weak  and  small;  began  to  form  new  plants  July 
1st.  This  is  one  of  the  first  improved  strawberries,  and  wa« 
a  leader  for  many  years.  Plants  under  this  name  are  suc- 
ceeding admirably  in  many  parts  of  Montana.  Will  receive 
farther  trial. 

Enhance. — A  perfect  bloomer;  in  full  bloom  June  25th, 
foliage  rank,  large,  compact  fruit  stems;  ranking  second  best 
in  yield;  quality  of  fruit  not  so  choice  as  some  others,  but 
considering  quantity,  size,  firmness,  shape  and  color  of  fruit, 
it  is  the  best  market  variety  on  these  grounds. 

Barton's  Eclipse.— In  full  bloom  June  17th,  strong,  vig- 
orous development  of  foliage,  fhiit  of  good  size,  but  of  medi- 
um production,  worthy  of  trial. 

Timbrel. — Another  plant  that  has  been  highly  lauded  in 
eastern  beds,  but  has  failed  to  justify  expectations  under  test 
on  these  grounds. 

Chair's  Seedling. — Did  not  secure  a  good  stand,  re-set 
spring  of  1896,  bloomed  profusely  but  did  not  yield  fruit  \m 
quantity  to  warrant  belief  in  its  value. 

General  Putnam.~A  medium  growth  of  foliage, 
blooms  sparse  and  unsatisfactory  in  yield. 

Governor  Hoard.— In  full  bloom  June  21st,  foliage  mod- 
erate, new  plants  forming  June  26th,  a  very  free  bloomer, 
gives  much  promise,  worthy  of  careful  trial. 

Victor  Hugo. — A  rank,  vigorous  plant,  gave  good  prom- 
ise in  early  part  of  season,  expectations  not  realized  in  fruit 
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yield. 

Shuster  Gem.— Many  original  plants  failed  first  season, 
re-set  spring  '96,  a  strong  grower,  worthy  of  farther  trial. 

Splendid. — This  variety  in  performance  stands  toward 
the  head,  a  perfect  bloomer,  strong,  vigorous  growth  of  foli- 
age, with  abnormally  stout  fruit  stems,  well  worthy  of 
propagation. 

Swindle. — Attracted  much  attention  from  visitors, 
by  its  wealth  of  bloom  and  very  sparse  development 
of  foliage.  Evidently  it  requires  special  treatment  of 
soil  to  give  more  size  and  development  of  fruit  which  was 
much  under  size.  Its  farther  performance  will  be  closely 
studied. 

Rio. — A  strong  and  vigorous  grower,  but  without  suf- 
ficient bloom  or  ftiiit  development  to  render  of  value. 

E.  P.  Roe. — Has  a  good  record  elsewhere;  here  it  made  but 
feeble  growth,  with  fair  proportion  of  blooms.  No  runners 
were  formed  until  August;  it  calls  for  special  enriching  of  the 
soil. 

Princess. — A  poor  stand  from  original  setting,  re-set 
^ring  of  1896;  weak  foliage  development,  it  bore  sufficiently 
well  to  merit  farther  test. 

Parker  Earle. — Another  much  advertised  sort,  that 
does  not  justify  expectations  on  these  grounds;  made  late 
and  feeble  growth  of  plants. 

Klickitia. — One  of  the  strongest  and  most  vigorous 
plants  in  the  test,  very  large  upright  leaf  and  fruit  stem,  fruit 
above  medium  size,  inferior  in  flaVor,  with  poor  coloring;  of 
sufficient  merit  to  warrant  farther  test. 

Gillespie. — Practically  worthless  under  test. 

Greenville.— In  full  bloom  June  26th,  an  imperfect 
llloomer;  a  variety  that  has  been  extensively  catalogued  as 
being  very  desirable,  a  prime  favorite  in  Ohio.  Its  perform- 
ance on  these  grounds  has  been  disappointing. 

Belmont. — Of  medium  development  of  foliage,  a  popu- 
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lar  eastern  variety,  fruit  of  good  si2e  and  quality,  not  satis- 
factory as  far  as  tested,  but  will  g^ve  fa,rther  trial. 

Eureka. — A  moderate  grower,  test  not  satisfactory  ow- 
ing to  half  the  row  having  been  re-set  spring  1896. 

Sharpless.— This  variety  in  the  east  divides  with  the 
Jesse,  the  honor  of  being  the  ideal  home  berry,  the  fruit  be- 
ing large  and  rich  in  flavor.  The  test  was  not  satisfactory, 
owing  to  poor  stand  and  the  bed  having  been  re-set  spring 
1896;  will  be  tested  under  more  favorable  conditions. 

Muskingum. — In  full  bloom  June  26th;  a  weak  grower, 
new  plants  developing  in  August,  of  no  special  merit. 

Princeton  Chief.— Of  moderate  habit  of  growth,  a  shy 
bloomer,  with  unsatisfactory  development. 

Jay  Gould. — Desirable  for  everything  but- fruit,  3rielding 
comparatively  none  under  this  test. 

Gandy. — An  extensively  advertised  late  variety,  perhaps 
the  latest  in  this  test,  worthy  of  farther  trial. 

Banquet. — A  poor  grower  and  a  scant  fruiter. 

Belle. — A  noveltj-  from  the  shape  and  character  of  the 
fruit,  which  much  resembles  the  old-fashioned  bell  pepper 
very  light  in  color,  moderately  firm,  an  ideal  home  berry  and 
one  that  would  command  the  highest  price  if  it  could  be 
placed  upon  the  market  in  good  condition;  of  low,  compact 
growth,  very  strong,  vigorous  fruit  stems,  a  medium  bloom- 
er, a  variety  well  worthy  of  extended  test. 

BEST  YIELDERS. 

In  determining  yield,  no  account  is  made  of  fruit  borne 
on  new  plants  produced  from  the  original  plants,  all  being 
treated  alike,  the  comparison  of  fruit  per  plant  is  fair  and 
just. 

It  is  thought  desirable  to  call  attention  to  the  sorts  that 
have  averaged  above  one-half  pound  of  fruit  to  the  plant;  to 
extend  plantings  of  these  sorts,  properly  grouped  with  refer- 
ence to  character  of  bloom,  (staminate  and  pistillate),  also 
time  of  bloom — ^that  is  to  say,  properh'-  alternating  perfect 
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and  imperfect  bloomers  and  also  those  sorts  that  h^ave  same 
]>eriod  for  pollen  formation.  It  is  expected  under  such  con- 
ditions, others  being  equal,  to  secure  yields  from  these  sorts 
that  will  average  more  than  a  pound  of  fruit  to  the  plant: 
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REPORT  OF  THE  CHEMIST. 


BozEMAN,  Mont.,  September  1,  189S. 

Hon.  S.  M.  Emery,  Director, 

Montana  Agricultural  Experiment  Station, 
Bozeman,  Montana: 

Dear  Sir: — The  work'  of  the  Chemical  division  has  been, 
and  of  necessity  always  will  be,  to  a  very  large  extent,  ro«- 
tine,  in  conjunction  with  the  other  divisions,  particularly  the 
Agricultural.  The  collection  of  the  analytical  data,  while  it 
takes  much  time  and  makes  an  apparently  poor  showing  for 
the  energy  expended,  is  of  inestimable  value,  and  will  afford 
an  invaluable  source  of  reference  for  our  future  investiga- 
tions. 

The  most  important  investigation  undertaken  b\'  this 
division  is  on  the  effects  of  unusual  quantities  of  mineral 
salts  in  solution  upon  plant  life  and  growth. 

This  condition  exists  in  the  irrigation  waters  of  many  of 
our  important  agricultural  valleys,  on  account  of  the  loca- 
tion of  silver-milling  plants  on  many  of  the  streams. 

While  this  investigation  is  not  yet  completed,  sufficient 
progress  has  been  made  to  show  that  very  interesting,  and 
in  some  cases,  entirely  unexpected  results  will  be  obtained. 
It  is  safe  to  say  now,  from  the  standpoint  of  injurious  effects 
upon  crops,  that  not  nearly  so  serious  an  effect  a^  might  be 
anticipated  from  the  strong  solution  running  to  waste  from 
the  mills  will  be  found,  and  that  with  proper  precautions  o» 
the  part  of  the  miner  and  the  rancher  these  solutions  can  be 
used  with  safety. 

The  principal  constituents  of  these  waters  are  the  sul- 
phate and  chloride  of  sodium,  which  when  used  in  proper 
quantities  are,  instead  of  being  injurious,  highly  beneficial  t^ 
plant  growth;  on  the  other  hand,*it  is  well  known  that  a 
strong  brine  will  kill  grass  and  other  plants.    The  purpose 
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of  these  investigations  is  to  determine  if  the  irrigation  wa- 
ters become  sufl5ciently  strong  in  soluble  salts  to  produce 
this  latter  effect.  The  details  and  conclusions  will  appear  in 
a  special  bulletin  as  soon  as  further  experiments  are  com- 
|deted. 

Our  inadequate  quarters  render  the  carrying  on  of  both 
the  work  of  investigation  and  analysis  extremely  difficult. 
We  are  very  much  crowded  for  room,  and  knowing  that  we 
are  to  occupy  these  rooms  for  a  short  time  only,  we  have  not 
felt  that  we  would  be  justified  in  putting  in  here  many  in- 
expensive but  labor-saving  devices  which  can  be  placed  in 
the  new  laboratory  to  great  advantage.  The  most  needed 
of  these  is  a  gas  machine,  and  a  tank  for  securing  constant 
water  pressure. 

Much  of  our  time  has  been  employed  in  planning  the  ar- 
rangement of  rooms  in  the  new  building,  and  details  of  desks 
and  other  laboratory  furniture.  There  is  no  doubt  that  our 
capacity  for  analytical  work  will  be  more  than  doubled  when 
we  are  able  to  occupy  our  new  rooms. 

In  the  spring  a  large  number  of  packages  of  sugar-beet 
seed  were  sent  to  farmers  in  all  parts  of  the  state.  We  hope, 
by  co-operation  of  the  farmers  in  the  raisinrg  of  beets,  to 
learn  what  portions  of  the  state  are  best  adapted  to  sugar- 
beet  culture.  Analyses  of  samples  of  sugar-beets  raised  here 
show  that  in  many  parts  of  the  state  we  can  raise  beets  car- 
rying a  percentage  of  sugar  far  above  the  average.  A  bul- 
letin will  be  issued  soon  after  the  last  of  the  samples  have 
been  analvzed. 

An  investigation  ot  the  sanitary  condition  of  our  farm 
wells  is  about  completed,  and  the  result  will  soon  be  pub- 
lished. 

The  study  of  the  composition  of  our  irrigation  waters 
promises  very  interesting  results.  Particularly  is  this  the 
case  in  the  Gallatin  valley,  where  the  waters  supplying  one 
side  of  the  valley  come  mainly  from  limestones,  while  on  the 
other  side  the  rocks  are  igneous.  Some  analytical  data  is 
already  in  hand  -relating  to  this  matter,  but  the  study  will 
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have  to  extend  over  several  seasons  and  should  involve  not 
only  the  origin  and  composition  of  the  waters,  but  also  of 

the  soil.  ' 

We  have  co-operated  with  the  association  of  Official  Ag- 
ricultural Chemists  to  the  fullest  extent  in  our  power,  in  its 
effort  to  obtain  better  anah'tical  methods,  but  most  of  this 
work  has  remained  incomplete  because  of  our  inability  to 
control  our  time  in  the  face  of  the  required  routine  work. 
The  press  of  work  in  both  of  these  lines  comes  at  the  san.e 
time. 

A  studv  of  methods  for  the  determination  of  the  nitro- 
gen-free  extract  of  plants  with  more  particular  reference  to 
the  determination  of  the  carboh^'^d rates  by  estimating  the 
amount  of  copper  reduced  bj'  the  hydroh'zed  starch  by 
means  of  ammonium  ferric  sulphate  and  potassium  ]3erman- 
ganate,  has  been  in  progress  for  two  3'ears,  and  important  re- 
sults concerning  methods  of  manipulation  have  already  been 
obtained. 

The  assistance  rendered  by  Mr.  Cobleigh  has  been  of  very 
great  service  to  me.  He  has  done  a  ver^*^  large  share  of  the 
analytical  work,  and  I  have  the  utmost  confidence  in  his  re- 
sults. 

Yours  verv  trulv, 

Frank  W.  Traphagen,  Ph.  D.,  F.  C.  S., 

Chemist. 


THE  SPAYING  OF  MARES. 


The  emasculation  of  domestic  animals,  rendering  theit^i 
devoid  of  sexual  power  and  instinct,  has  been  freeh-  prac- 
ticed for  centuries,  the  objects  aimed  at  being  chiefly: 

First — Rendering  the  castrated  animal  more  docile  and 
subject  to  the  control  of  man. 

Second — Increasing  the  quantity' and  quality  of  food  pro- 
ducts furnished  bv  the  animal — meat  and  milk. 
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Third — Controlling  the  quantity  and  quality  of  animal 
reproduction. 

The  castration  of  both  male  and  female  animals,  except 
the  mare,  has  been  so  universally  practiced  that  its  economic 
value  goes  without  question,  but  in  this  one  instance  there 
seems  to  be  no  definite  data  upon  which  to  base  an  opinion. 
Mares  have  been  castrated  to  a  considerable  degree  at  times 
in  continental  Europe  and  the  practice  is  even  said  to  have 
been  interdicted  by  royal  orders  in  some  instances,  presuma- 
bly to  avoid  a  scarcity  of  horses .  The  results  of  the  castration 
of  mares  do  not  appear  to  have  been  extensively  recorded  and 
little  literature  upon  the  subject  is  available.  The  earlier 
method  of  operating  was  like  that  upon  smaller  animals,  by 
making  an  incision  in  the  flank  and  removing  the  ovaries 
through  this.  Such  a  method,  with  the  vague  notions  of  sur- 
gery, constituted  a  very  grave  surgical  operation.  The 
opening  in  the  flank  must  be  large  enough  to  admit  the 
operator's  hand,  while  the  cause  of  infection  and  in- 
flammation of  wounds  being  unknown,  no  effective 
measures  were  taken  to  prevent  these  consequences. 

A  simpler  and  safer  method  for  operating  on  the  cow  and 
mare  was  more  recently  introduced  by  Charlier,  in  which  the 
ovaries  were  removed  bj'  means  ol  an  incision  through  the 
vagina,  obviating  an  external  wound,  and  decreasing  very 
much  the  extent  of  injury  to  the  tissues. 

Following  this  improvement  came  the  discoveries  of 
Pasteur  and  others,  showing  that  inflammation  of  wounds 
with  suppuration,  (formation  of  pus)  ulceration,  mortifica- 
tion and  other  dangerous  complications  are  due  to  the  intro- 
duction, in  practically  all  cases,  of  some  form  of  disease-pro- 
ducing bacteria,  or  other  low  form  of  life,  to  which  Lister 
and  others  responded  by  showing  that  certain  methods  of 
procedure  in  surgical  operations  prevented  the  lodgment  of 
germs  in  the  wound,  or  had  they  gained  admission  to  the 
wound,  certain  substances  (antiseptics)  could  be  relied  upon 
to  destroy  the  offending  organisms,  the  result  of  which  has 
been  a  complete  revolution  in  the  science  of  surgery. 
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Subsequent  to  the  introduction  of  Charlier's  plan  of  op- 
erating, and  antiseptic  methods  in  surgery,  the  spaying  of 
mares,  so  far  as  recorded,  has  been  quitfe  limited  and  restrict- 
ed almost  wholly  to  two  classes  of  cases:  First,  disease  of 
the  ovaries,  and  second,  viciousness  of  the  animal.  In  botk 
classes,  the  operation  has  proven  successful  in  a  reasonable 
measure. 

The  surplus  of  horses  in  Montana  and  other  western 
states,  their  present  low  value  and  general  surroundings 
seemed  favorable  for  testing  on  a  moderate  scale  the  eco- 
nomic value  of  castration  of  mares,  and  the  subject  was  ac- 
cordingly taken  up  under  favorable  auspices  only  to  be  inter- 
rupted at  its  very  inception  by  my  removal  from  the  state. 
The  objects  which  it  was  hoped  to  obtain  were: 

First — Increased  docility  of  the  animal  at  all  times. 

Second — The  prevention  of  oestrum  (**heat"or**horsing^^) 
in  which  state,  mares  are  excitable,  not  infrequently  vicious 
and  uncontrollable,  and  are  at  best  weakened  and  less  capa- 
ble of  performing  their  regular  work,  besides  the  simpty  re- 
pugnant features  of  the  period  of  **heat." 

m 

Third — The  affording  of  a  convenient  and  safe  mode  for 
the  control  or  prevention  of  breeding. 

The  operation  makes  in  effect  a  gelding  and  it  is  believed 
that  the  castrated  mare  is  preferable  to  the  farmer,  the  mare 
l:>eing  generally  of  finer  form,  being  free  from  the  annoying 
accumulations  of  filth  observed  in  the  sheath  of  the  penis 
in  the  gelding,  being  cleaner  in  the  stall,  since  she  voids 
the  urine  behind  her  bedding  and  consequently  does  not  be- 
come so  much  soiled  in  lying  down. 

With  the  above  objects  in  view,  and  enough  mares  offered 
to  answer  for  a  preliminary  test,  the  necessary  instruments 
for  the  operation  were  secured,  consisting  of  a  force  pump, 
similar  essentially  to  an  ordinary  garden  pump,  a  vaginal 
dilator,  or  tensor,  such  as  is  used  in  the  vaginal  spaying  of 
cows,  a  concealed  knife,  and  a  special  ecraseur  of  the  |Chas- 
saignac,  or  ratchet   pattern,  22  inches  long  and  with  the 
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ratchets  so  guarded  that  the  instmmeht  could  be  readily 
worked  within  the  vagina. 

Sixteen  mares  were  furnished  for  the  operation  by  Mr. 
Geo.  H.  Lyon,  Lyon,  Montana,  and  six  by  Mr.  I.  .K.  Wisner, 
Bozeman,  Montana.  Through  error  in  procedure,  two  ani- 
mals were  not  spayed,  reducing  the  actual  total  to  twenty. 
The  first  operations  were  performed  on  the  mares  belonging 
to  Mr.  Lyon,  consisting  of  one  very  weak,  thin,  overworked 
and  starved  three-year-old  mongprel  mare,  procured  but  a 
day  or  two  before  the  operation.  The  others  were  grade 
French  draft  mares  aged  four  to  six  years,  four  qf  the  num- 
ber broken  to  the  saddle,  or  harness,  eleven  were  range  mares 
which  had  been  halter  broken  as  weanlings,  but  had  not  been 
handled  subsequently. 

All  these  latter  were  in  prime  condition  and  presumably 
not  in  foal,  although  in  .operating  it  was  found  that  one  was 
well  advanced  in  pregnancy. 

One  of  the  broken  mares  had  at  times  been  vicious,  balk- 
ing and  kicking  at  unexpected  times,  probably  at  periods  of 
•heat.'* 

None  of  the  animals  were  being  fed  grain,  and  except  the 
five  broken  animals  none  had  ever  been  fed  on  grain.  The 
five  broken  animals  were  taken  from  the  range  and  placed  in 
a  corral  without  food  on  the  evening  of  June  24th,  1896,  and 
the  unbroken  mares  were  corraled  on  the  following  morning, 
after  a  sharp  drive  of  ten  miles  from  their  usual  feeding 
grounds.  The  broken  and  five  of  the  unbroken  mares  were 
operated  upon  on  the  evening  of  June  25th  and  the  remain- 
ing six  on  the  following  morning. 

The  mares  were  led  into  a  chute  used  for  branding  cattle, 
tied  by  a  halter  to  a  post  in  front,  bars  placed  beneath  the 
chest  and  flank  to  prevent  the  animal  from  lying  down,  and 
the  tail  drawoi  directly  upwards  and  made  fast  to  a  cross- 
beam. The  hind  feet  were  roped  and  secured  forward  to  a 
post  to  prevent  kicking. 

Two  or  three  quarts  of  warm  water  were  thrown  into 
the  rectum  and  an  assistant  then  introduced  his  hand  and  re- 
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moved  any  iieces  present,  except  in  one  case  to  which  we  will 
refer  later.  The  external  parts  were  then  washed  with  a  so- 
lution of  corrosive  sublimate  1  to  5,000  or  6,000,  two  or  three 
quarts  injected  into  the  vagina,  the  hands  carefiilh'  washed 
and  instruments  submerged  in  the  same.  (Other  disinfectant 
should  hav^  been  used  for  this  purpose  to  save  corrosion.) 
The  vaginal  tensor  was  then  introduced  with  the  hand,  the 
prolongation  fixed  in  the  mouth  of  the  womb,  the  walls  of 
the  vagina  rendered  tense,  the  concealed  knife  carried  into 
the  vagina,  opened,  and  an  incision  about  one  inch  long 
made  at  the  end  of  the  vagina  just  above  the  mouth  of  the 
womb,  after  which  the  knife  was  removed.  \ 

The  hand  being  again  brought  into  the  vagina  one  or 
two  fingers  were  pushed  through  the  incision,  followed  by 
the  other  fingers  of  the  hand  in  cone  shape,  the  \valls  readily 
giving  way  and  the  entire  hand  was  pushed  into  the  abdominal 
cavity.  The  ecraseur  was  then  introduced,  guarded  b\'  the 
hand.  By  following  the  womb,  lying  immediateh-  beneath 
the  incision,  the  comua  or  horns  were  soon  reached,  at  a  dis- 
tance of  six  to  ten  inches  from  the  incision,  leading  from  the 
womb  at  almost  right  angles,  and  soon  ending  to  be  continued 
by  the  ligament  of  attachment,  in  which  the  ovar3'  was 
readily  and  unmistakably  found  at  a  distance  of  two  to  four 
inches  from  the  blunt  end  of  the  cornu.  The  chain  of  the 
ecraseur  was  then  placed  over  the  ovary,  and  holding  the  in- 
strument and  ovary  securely  with  one  hand,  the  instrument 
was  tightened  w^ith  the  other,  the  ovary  quickly  crushed  off 
and  along  with  the  ecraseur  carried  out.  The  crushing  off  of 
the  ovary  was  practically  the  only  step  in  which  there  was 
evidence  of  any  considerable  degree  of  pain,  and  this  was  not 
nearly  so  severe,  judging  by  the  struggles  of  the  animal,  as 
is  seen  in  the  castration  of  horses.  The  second  ovarv  was 
removed  in  the  same  manner.  Very  little  bleeding  followed 
the  operation.  The  animals  were  released  without  further 
procedure,  and  all  confined  in  a  meadow  convenient  for  ob- 
observatfon. 
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They  were  inspected  twice  daily  on  June  26th,  27th,  28th 
and  29th;  as  closely  as  practicable  with  wild  mares. 

There  was  some  slight  straining  shown  by  most  of  the 
mares  immediately  after  their  release,  and  nearly  all  were 
noted  lying  down  quietly.  None  of  them,  at  any  time  ob- 
served, showed  any  signs  of  severe  pain,  not  nearly  so  severe 
as  is  commonly  seen,  after  the  castration  of  stallions. 

The  three-year-old  mare  which,  as  before  stated,  was  in 
poor  condition,  in  fact  not  fit  to  undergo  an  operation,  seem- 
ed stiff  and  dull,  but  continued  to  graze  daily.  No  discharge 
from  the  vagina  was  observed  and  no  symptoms  appeared, 
to  create  alarm,  and  by  the  29th  she  seemed  somewhat  im- 
proved. She  was  the  first  animal  operated  upon  in  the  num- 
ber, and  my  first  operation  on  a  mare,  and  in  addition  to 
her  unfit  condition  the  emptying  of  her  rectum  was  over- 
lojoked,  presuming  that  without  grain  the  feces  would  be 
soft  and  pultaceous,  but  instead  the  rectum  proved  quite  fiall 
of  rather  firm  fecal  matter  and  in  cutting  upwards  towards 
it;  and  the  vagina  of  the  mare  being  very  much  thinner  than 
that  of  the  cow,  the  cut  was  made  too  deep  and  almost 
penetrated  the  rectum,  a  complication  which  probably  did 
much  to  interfere  with  her  recovery. 

Of  the  other  mares,  none  appeared  to  noticeably  suffer, 
except  that  one  animal  lay  down  much  of  the  time,  but  when 
approached,  would  jump  to  her  feet,  trot  quickly  away  and 
commence  to  graze.  Two  or  three  others  showed  slight 
stiffness  for  24  to  48  hours,  but  not  sufiicient  to  lead  the  or- 
dinary observer  to  note  anything  amiss.  When  approached 
they  all  trotted  briskly  away,  all  grazed  regularly,  and  ap- 
.parently  did  not  gaunt  or  lose  weight. 

It  was  expected  that  the  pregnant  mare  would  abort, 
but  she  seemed  to  be  still  carrying  her  foal  safely  at  the  date 
of  our  last  observation. 

We  have  already  intimated  that  owing  to  an  error  we 
failed  to  spay  one  of  the  mares.  This  error  was  traceable  to 
an  anatomical  difference  in  relation  of  the  vagina  to  the  rec- 
tum in  the  cow  and  the  mare  which  has  not,  so  far  as  we 
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can  find,  been  particularly  described  either  by  veterinary  an- 
atomists or  veterinarians  who  have  spayed  mares.  This 
difference  consists  in  the  extension  of  the  adhesion  of  the 
vagina  and  recttim  to  a  more  anterior  point  than  is  the  case 
in  the  cow,  and  gives  as  a  result  a  very  narrow  field  for  the 
operation  in  the  tormer,  as  compared  with  the  latter.  This 
difference  in  anatomical  relations  led  to  the  making  of  the 
incision  too  far  posteriorly  in  the  one  mare,  resulting  in  our 
carrying  the  incision  into  the  rectum  instead  of  the  abdo- 
men, and  rendering  it  unsafe  to  make  further  attempts  at 
operating  at  the  time,  although  no  ill  consequences  followed 
the  accident.  The  same  error  was  again  repeated  in  a  youag 
filly  among  the  Wisner  mares,  with  like  results. 

This  evidently  indicates  that  while  there  may  be  individ- 
ual variations,  the  only  safe  place  to^make  theincisiott 
through  the  vagina  is  immediately  against  the  mouth  of  the 
womb,  especially  in  young  fillies. 

In  speaking  of  the  method  of  making  the  incision,  some 
writers  warn  against  tearing  through  the  peritoneal 
covering  of  the  vagina,  stating  that  even  if  repeated  at- 
tempts are  needed,  the  entire  thickness  of  the  vaginal  waMs 
must  be  cut  through  with  the  knife,  else  fatal  abcesses  are 
likely  to  occur  about  the  vagina  and  rectum.  On  the  con- 
trary, we  found  it  much  easier  to  complete  the  incision  by 
tearing  through  the  peritoneum  in  the  mare  than  in  the  coirt 
and  had  no  ill  results  therefrom,  and  are  forced  to  believe  that 
the  difficult}'-  with  those  veterinarians  having  such  results 
was  rather  due  to  their  want  of  knowledge  of  the  peculiar 
anatomical  relations  of  the  vagina  and  rectum  above  noted, 
which  led  them  to  commit  similar  errors  to  those  just  de- 
scribed*. 

The  operator  should  also  constantly  bear  in  mind  that 
the  vaginal  walls  of  the  mare  are  thinner  and  much  more 
easily  cut  through  or  torn  than  that  of  the  cow. 

In  a  letter  dated  July  19th  the  owner  reported  all  mares 
apparently  well  except  the  three-year-old,  which  was  still  in 
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kad  condition  although  improving,  and  on  August  3rd  all 
were  reported  well. 

vThe  six  mares  offered  for  operation  by  I.  K.  Wisner  were 
all  well  broken  animals,  were  not  being  fed  on  grain  and 
were  taken  directly  from  the  pasture  for  the  operation  which 
was  carried  out  in  the  same  manner  as  the  Lyons  mares, 
without  incident  except  the  error  in  the  two-year-old  filh', 
moted  with  a  like  error  with  one  of  the  'Lyon  mares. 

The  animals  were  spayed  on  the  12th  of  August  and  not 
•bserved  by  us  later. 

On  September  8th  the  owner  reported  that  one  mare, 
with  foal  at  side,  had  lost  rtiuch  flesh  but  was  apparenth^ 
well  at  that  date,  while  the  other  four  had  shown  the  effects 
•f  the  operation  somewhat  for  four  or  five  days,  since  which 
time  there  seemed  nothing  amiss. 


W.  L.  WILLIAMS,  V.  S. 
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CORROSIVE  SUBLIMATE  FOR  POTATO  SCAB. 

The  effects  of  potato  scab  on  the  tnber  are  so  well  known 
and  so  easily  recognizd  that  a  description  of  the  disease  is 
not  here  necessary.  Both  experimenters  and  potato  grow- 
ers have  successftilly  prevented  scab  by  immersing  the  seed 
potatoes,  for  one  and  one  half  hours,  in  a  corrosive  subli- 
mate solution,  using  2  ounces  of  the  compound  to  15  gallons 
of  water.  The  solution  is  most  readilv  made  by  first  dis- 
oliving  the  powdered  corrosive  sublimate  in  a  few  gallons 
of  hot  water  and  then  adding  enough  cold  water  to  make 
the  required  15  gallons. 

Since  the  solution  corrodes  metals,  only  wooden  vessels 
should  be  used.  A  barrel  makes  a  very  good  receptacle  and 
the  potatoes  may  be  conveniently  handled  by  putting  them 
in  coarse  sacks  for  the  immersion.  If  not  fairly  clean,  the 
potatoes  should  be  washed  before  dipping;  after  they  have 
been  taken  from  the  solution  and  dried,  thev  mav  be  cut 
and  planted  as  usual.  The  corrosive  sublimate  is  very, 
poisonous  and  must,  therefore,  be  handled  with  great  care. 

At  the  Station  last  season,  scabby  seed  potatoes  treated 
in  the  manner  indicated  above,  produced  a  crop  entirely 
free  from  th?  disease.  Soil,  when  once  infected  with  scab, 
will  retain  the  living  germs  for  a  number  of  years,  and  it  is 
believed  that  it  may  become  infected  from  natural  cjrainage 
and  manure,  as  well  as  by  a  scabby  potato  crop.  For  such 
ground  the  treatment  will  not  be  as  effective. 

It  is  always  desirable  to  plant  clean  seed  on  soil  that  is 
free  from  the  disease;  but  smooth  potatoes,  apparently  fi-ee 
from  scab,  may  have  the  germs  on  their  surface  if  they  have 
been  in  contact  with  diseased  potatoes.  If  potatoes  are 
known  to  be  scabby,  thej'  should  be  dug  as  soon  as  mature, 
since  the  scab  continues  to  grow  as  long  as  they  are  in  the 
ground. 
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TREATHENT  FOR  SHUT  IN  WHEAT,  BARLEY 

AND  OATS. 


1.  The  loss  occasioned  by  sowing  seed  contaminated 
with  smut  is  very  much  greater  than  is  usually  supposed. 
The  annual  damage  to  the  oat  crop  amounts  to  fully  ten 
per  cent.  The  injury  to  the  wheat  crop  is  much  greater,  the 
loss  coming  from  two  sources;  a  less  yield  per  acre  and  a 
lower  price  per  bushel  for  the  damaged  grain. 

2.  Smuts  are  due  to  the  development  of  minute  para- 
sitic plants  which  grow  within  the  tissues  of  the  grain. 

The  disease  is  spread  by  spores  of  smut  adhering  to  the 
orrains  before  thev  are  sown.  This  contamination  mav 
occur  in  the  field  through  the  wind  carrying  the  spores  from 
adjacent  smutted  crops,  or  during  the  threshing,  or  by  com- 
ing in  contact  with  any  receptacle  that  has  previously  con- 
tained smutted  grain.  In  general,  experimenters  believe 
there  is  little  danger  of  contamination  through  spores  in 
the  soil. 

3.  Stinking  smut  attacks  wheat  only.  Loose  smuts 
attack  all  of  the  small  grains,  but  that  of  the  oat  is  most 
damaging. 

4.  Clean  seed,  or  that  effectually  treated  for  smut,  will 
produce  a  crop  free  from  smut,  but  an  adjoining  sm,utty 
field  may  contaminate  this  grain  for  next  year's  crop.  The 
onlj'  safeguard  is  careful  treatment  before  planting. 

5.  The  disease  in  wheat  may  be  entirely  prevented  by 
thoroughly  wetting  the  seed  in  a  solution  of  copper  sulphate, 
(blue  vitriol)  using  eight  ounces  to  a  gallon  of  water,  but 
this  will  lessen  in  some  degree  the  vitality'  of  the  seed.  It 
may  also  be  effectually  prevented,  without  any  damage,  by 
immersion  for  fifteen  minutes  in  water  raised  to  a  tempera- 
ture of  131°  to  135°  F. 

6.  Oat  smut  may  be  completely  prevented  by  treating 
the  seed  fifteen  minutes  in  water  raised  to  a  temperature  of 
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132^°  to  135°  F.  This  treatment  not  only  removes  the 
smut  but  promotes  the  growth  and  increases  the  yield.  It 
may  also  be  prevented  without  injury  to  the  vitality,  by 
immersing  the  seed  twenty-four  hours  in  a  solution  of 
potassium  sulphide,  made  by  dissolving  one  pound  of  the 
sulphide  in  twenty-four  gallons  of  water. 

The  copper  sulphate  treatmenr,  used  for  wheat,  will 
effectually  kill  the  smut  in  oats,  but  w;ill  in  some  degree 
damage  the  germinating  power  of  the  grain. 

In  using  hot  water  treatment,  be  certain  to  have  a  testerf 
thermometer,  and  use  only  one  that  is  correct. 
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DRINKING    WATER. 


F.  W.  TRAPHAGEX. 


No  more  important  question  can  concern  the  farmer  than 
that  relating  to  the  purit3'  of  his  drinking  water. 

So  many  diseases  are  directly  traceable  to  the  use  of  im- 
pure water  that  it  behooves  us  to  paj*^  close  attention  to 
that  which  we  are  using. 

A  series  of  samples  has  been  obtained  from  farms  nearby, 
to  be  used  as  the  basis  of  a  preliminary  report  on  the  condi- 
tion of  our  potable  water  supply.  The  analytical  results 
obtained  from  these  are  appended  with  remarks  on  their 
composition. 

Water  is  never  found  pure  in  nature,  even  rain  water  con- 
tains gases  and  dust  taken  up  in  its  descent  from  the  clouds, 
and  more  or  less  of  soluble  matter  obtained  in  its  flow  over 
the  roof  before  it  is  caught  in  the  cistern. 

After  the  water  reaches  f  he  ground  it  becomes  rapidly 
charged  with  whatever  is  soluble,  either  organic  or  inor- 
ganic, in  the  soil  it  passes  over  or  through.  Water  is  Na- 
ture's great  solvent,  and  it  is  on  account  of  this  solvent 
power  that  it  becomes  so  readiW  contaminated  . 
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The  principal  constituents  of  drinking  water  in  which 
we  are  interested  are  the  following : 

Suspended  Matters.  —  The  water  may  be  more  or  less- 
cloudy  from  the  presence  of  particles  of  organic  or  mineral 
matter  floating  in  it,  and  these  should  always  be  separated 
by  settling  or  filtering.  While  it  may  be  considered  a  safe 
rule  to  reject  all  water  having  a  cloudy  appearance,  still  it  is 
not  to  be  supposed  that  because  a  water  is  clear  and  spark- 
ling it  is  safe. 

Some  of  the  most  dangerous  waters  are  the  most  beauti- 
ful to  look  upon ;  the  causes  of  disease  being  only  detected  in 
the  chemical  laboratory  or  under  the  bacteriologist's  micro- 
scope. 

Total  Solids.  —  This  comprises  all  the  residue  left  after 
evaporating  the  water  to  dryness,  and  consists  of  the  vari- 
ous salts  which  were  in  the  solution  together  with  a  large 
part  of  the  organic  matter. 

The  important  and  common  mineral  constituents  are  the 
following : 

*' Carbonate  OF  I  jme.''— Calcium  carbonate,  occurring 
in  large  quantities,  as  limestone,  chalk  and  marble.  This  exists 
in  water  mainly  in  the  form  of  a  bicarbonate,  which  is  form- 
ed in  the  presence  of  an  excess  of  carbonic  acid  gas.  Calcium 
carbonate  is  very  slightly  soluble  in  water  alone,  but  in  the 
presence  of  carbonic  acid  gas  its  solubility  is  very  greatly  in- 
creased and  considerable  quantities  of  it  go  into  solution. 

The  presence  of  salts  of  calcium  and  of  magnesium  in  solu- 
tion is  the  cause  of  the  **  hardness  '^  of  water,  and  the  more 
of  these  salts  there  is  present  the  '*  harder '*  will  the  water 
be,  for  no  lather  can  be  formed  until  all  of  the  calcium  and 
magnesium  which  is  present  has  united  with  the  soap;  the 
compound  formed  by  this  union  is  the  scum  which  is  seen  on 
the  surface  of  a  *' hard'' water  after  soap  has  been  rubbed 
in  it.  As  soon  as  the  soap  has  united  with  all  of  the  calci- 
um and  magnesium  which  was  present  in  solution,  the  re- 
mainder of  the  soap  is  free  to  form  a  lather. 

As  these  salts  are  usuallv  held  in  solution  bv  carbonic 
acid  gas,  and  as  this  gas  is,  in  great  part,  driven  out  of  the 
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•water  by  heat,  much  of  the  lime  and  magnesia  may  be  sepa- 
rated by  simple  boiling.  This  fact  is  well  known  to  those 
who  have  used  hard  waters  and  have  noticed  the  deposits 
formed  on  the  bottoms  and  sides  of  the  tea  kettle.  Manv 
waters  may  have  their  hardness  greatly  reduced  by  simply 
boiling  them,  such  waters  are  called  temporarily  **hard.'* 

** Carbonate  of  Magnesia,"  (Magnesium  carbonate.) 
— Found  in  great  beds  oi  magnesian  limestone.  Is  usually 
present  in  much  smaller  quantity  than  calcium  carbonate 
and  behaves  in  much  the  same  wa^'.  Neither  is  known  to 
liave  any  injurious  effect  upon  health. 

"Sulphate  of  Lime,''  (Calcium  sulphate.)— Occurs  in 
'Considerable  quantity  as  beds  of  gypsum.  Is  soluble  in  wa- 
ter to  the  extent  of  one  part  of  salt  in  about  four  hundred 
parts  of  water.  It  is  not  separated  from  solution  by  boil- 
ing and  when  present  in  water  produces  **  permanent  hard- 
ness. "  This  hardness  can  be  removed  bv  the  addition  of  sal 
soda  ( sodium  carbonate )  which  causes  the  formation  of  the 
insoluble  calcium  carbonate  mentioned  above.  It  has  no 
deleterious  eflFect  when  used  for  drinking  purposes. 

"Sulphate OF  Magnesia,"  (Magnesium  sulphate.)— This 
is  the  well-known  Epsom  salt,  and  is  sometimes,  though 
seldom,  present  in  considerable  quantities. 

** Sulphate  OF  Soda,"  (Sodium  sulphate. )— Commonly 
known  as  Glauber's  salt.  This  is  the  principal  constituent 
of  *' white  alkali,"  but  is  rarely  present  in  drinking  waters 
in  sufficient  quantity  to  produce  an  injurious  effect. 

** Carbonate  of  Soda,"  (Sodium  carbonate. )— Com- 
monly called  **sal  soda."  Is  present  in  the  alkaline  waters, 
which  may  be  known  by  their  power  of  changing  red  lit- 
mus paper  blue.  Litmus  papers  are  ver3'^  commonly  used  in 
the  chemical  laboratory  to  distinguish  between  acid  and 
alkaline  substances.  Acids  cause  blue  litmus  paper  to  change 
to  red,  while  alkaline  substances  change  the  red  paper  to 
blue.  In  any  considerable  quantity'  sodium  carbonate 
would  render  the  water  unfit  for  use  on  account  of  its  decid- 
ed alkaline  action.  It  is  this  salt  that  is  the  basis  of  the 
^*  black  alkali "  of  soils. 
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'* Chloride  of  Soda,'*  (Sodium  chloride,  or  common 
salt. ) — This  salt  is  almost  always  present  in  water,  and  its- 
presence  is  not  to  be  regarded  with  concern,  unless  the 
quantity  present  rises  above  the  normal  amount  present  in 
the  wells  of  the  neighborhood,  when  it  almost  without 
doubt  indicates  sewage  contamination,  because  of  its  com- 
mon use  for  household  purposes.  It  is  used  to  determine  the 
possibility  of  contamination  from  a  suspected  source.  For 
this  purpose,  after  the  quantity  of  sodium  chloride  in  the 
well  water  is  determined  by  testing  samples  selected  dail3^ 
for  several  days,  a  considerable  quantity  of  brine  is  added  to 
the  suspected  source  of  contamination,  for  instance^  a 
cesspool,  if,  after  a  reasonable  lapse  of  time,  the  quantity  of 
sodium  chloride  in  the  well  water  has  greatlj'  increased,, 
there  is  no  longer  room  for  doubt  concerning  the  source  of 
the  contamination. 

This  compound  is  rarely  present  in  sufficient  quantil  y  to- 
give  its  characteristic  taste  to  the  water. 

Sulphate,  Carbonate  and  Chloride  of  Potash  are 
very  useful  and  important  plant  foods,  as  may  be  inferred 
from  an  inspection  of  the  composition  of  plant  ashes  which 
consist  almost  entirely  of  the  carbonate  of  potash.  Aside 
from  this,  remarks  upon  the  sodium  salts  apply  to-  the  cor~ 
responding  compounds  of  potassium. 

Organic  Matter. — The  presence  of  organic  matter  in 
the  w^ater  is  objectionable  particularly  if  it  is  due  to  animal 
decay.  In  any  event,  a  large  quantity'  of  organic  matter^ 
whether  of  animal  or  vegetable  origin,  is  to  be  regarded 
with  apprehension,  for  this  matter  may  be  considered  as  giv- 
ing a  hint  of  the  probable  presence  of  harmful  bacteria.  Bac- 
teria, as  well  as  all  other  kinds  of  living  organisms,  have 
particular  kinds  of  food  which  are  especially  adapted  to* 
their  needs,  and  without  these  foods  they  cannot  thrive. 
Organic  matter  is  the  ideal  food  for  the  disease  germ  and  alt 
other  kinds  of  bacteria,  and  the  bacteriologist  has  this  fact 
in  mind  when  he  makes  his  culture  media  of  various  kinds  of 
organic  matter.    In  view  of  these  facts  in  we  should  be  anx- 
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ious  to  see  our  well  waters  contain  a  small  amount  of  or- 
ganic matter. 

Free  Ammonia. — This  constituent  results  from  the  decom- 
position of  nitrogenous  animal  and  vegetable  matter,  and 
exists  in  the  water  in  the  form  of  a  salt  of  ammonium,  from 
which  the  ammonia  is  easily  set  free.  The  test  for  ammonia 
is  very  delicate,  the  presence  of  one  part  of  ammonia  in  one 
hundred  million  parts  of  water  being  readily  detected. 

This  constituent  and  the  following  one,  are  regarded  by 
most  chemists  as  the  most  important  upon  which  to  base 
an  estimate  of  the  potability  of  waters. 

Albuminoid  Ammonia. — This  represents  the  nitrogen  pres- 
ent in  the  water  in  the  form  of  nitrogenous  animal  and  veg- 
etable matter  in  a  more  or  less  advanced  state  of  decay. 
The  nitrogen  is  liberated  from. these  compounds  in  the  form 
of  ammonia  by  the  action  of  an  alkaline  solution  of  potas- 
sium permanganate. 

Nitrogen  in  Nitrates  and  Nitrites.— The  presence  of 
nitrates  and  nitrites  indicates  a  contamination  which  oc- 
curred sufficientl3'^  long  ago  to  allow  the  organic  matter,  par- 
ticularly the  nitrogen,  as  indicated  by  the  test,  to  become 
oxidized.  The  nitrates  represent  a  more  complete  oxidation 
than  the  nitrites,  and,  under  similar  conditions,  a  more 
remote  source  of  contamination. 

GENERAL  REMARKS. 

If  we  could  imagine  a  lake  of  water  of  great  dimensions, 
with  its  impervious  bed  slowly  filled  up  with  sand  and 
gravel,  with  occasionally  a  layer  of  clay,  until  the  surface  of 
the  water  disappears  under  these  additions  and  is  complete- 
ly lost  from  sight,  we  would  have  a  good  idea  of  the  condi- 
tions existing  in  most  of  our  valle\'S. 

This  underground  lake  is  the  ** ground  water''  and  it 
only  differs  from  the  ordinary  lake  in  being  out  of  sight,  and 
in  frequently  having  its  bed  slope,  and  possessing  a  motion 
of  a  few  feet  a  day. 

The  water,  of  course,  lodges  in  the  permeable  strata  of 
sand  and  gravel,  and  has  its  forward  and  vertical  motion  hin- 
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dered  by  the  beds  of  clay  present.  When  we  fully  grasp  this 
idea  of  the  existence  of  the  lake  of  ground  water,  we  readily 
see  how  eas^'  it  is  for  a  well,  which  after  all  is  simply  a  tap 
in  this  general  supply,  to  become  contaminated.  All  the  im- 
purities of  cesspools,  privy  vaults  and  the  like,  unless  they 
are  cemented  water  tight,  sooner  or  later  find  their  way  in- 
to the  ground  water. 

Wells  should  be  cemented  to  a  considerable  depth,  prefer- 
abh'  to  the  bottom,  and  the  curb  should  rise  several  inches 
above  the  surrounding  ground,  with  a  cemented  slope  for 
several  feet  on  all  sides  from  the  curb,  so  that  it  will  be  im- 
possible for  anv  surface  water  to  reach  the  well,  without  fil- 
tering through  many  feet  of  soil. 

*'  Perhaps  the  most  dangerous  class  of  water  is  that  ob- 
tained from  the  shallow  wells  so  often  found  in  the  countrv 
\nllages  and  towns,  and  which  after  heavy  rains  is  almost 
certain  to  become  contaminated  with  sewage  from  cess- 
pools and  open  drains.  Shallow  well  water  has  played  a 
prominent  part  in  nearly  all  the  big  epidenjics  of  t\^phoid  and 
cholera  in  the  country."  ^ 

**  It  should  be  distinctly  understood  by  everybody  that 
clearness  and  lack  of  bad  taste  in  a  water  do  not  at  all  sig- 
nify that  it  is  free  from  dangerous  impurity.  Many  millions 
of  germs,  harmful  and  harmless,  may  be  present  in  a  glass  ol 
water  without  in  the  slightest  degree  impairing  its  transpar- 
ency' to  the  naked  eye.  While  it  has  been  manj- times  proven 
that  typhoid  fever  has  been  acquired  by  drinking  water 
from  wells  polluted  with  water  containing  this  germ,  there 
is  little  doubt,  on  the  whole,  that  polluted  well  water  has  been 
much  too  often  assumed  to  have  given  rise  to  this  contagion 
without  adequate  proof  *  *  *  The  whosesale  and  indiscrim- 
inate condemnation  of  wells,  of  which  one  so  frequenth- 
hears  nowadaA's,  as  sources  of  water  supply,  do  not  appear 
to  be  just.  But  so  frequent  are  the  offenses  against  sanitary- 
laws  in  the  situation  and  construction  of  wells,  that  there  is 
little  doubt  that  it  would  be  a  positive  benefit  if  at  least 

1  Air  and  Water,  by  Vivian  B.  Lewie,  p  163. 
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lialf  of  the  wells  in  the  United  States  were  closed  forth- 
with/'2 

**TJhe  fact  is,  that  wells,  as  they  exist  in  most  villages, 
and  on  many  farms  in  this  countrj'^,  are  an  abomination  and 
a  perpetual  menace  to  the  health  and  lives  of  those  who  use 
them."  3 

PURIFICATION  OF  WATER. 

Distillation. — Various  methods  are  used  for  purifying 
water.  If  it  were  not  for  the  great  expense,  distillation 
would  be  the  method  in  general  use,  for  the  product  of  this 
process  is  practically  pure,  is  entirely  soft  and  ideal  in  ever3' 
respect  except  its  taste,  which  is  **  flat. ''  This,  however,  can 
be  overcome  by  agitating  the  distilled  water  with  air. 

Clark's  Method. — This  consists  in  adding  a  calculated 
amount  of  lime  to  the  water,  which  causes  a  separation  of 
nearly  all  of  the  lime  and  magnesia  from  the  water,  together 
with  more  or  less  of  the  organic  impurities  and  other  con- 
stituents. 

The  process  is  based  upon  the  fact  that  when  the  excess  of 
carbonic  acid,  which  holds  the  lime  and  magnesia  in  solu- 
tion, meets  with  an  additional  amount  of  lime  in  solution  it 
unites  with  it,  rendering  it  insoluble.  The  remaining  lime 
and  magnesia,  no  longer  having  the  carbonic  acid  to  hold 
them  in  solution,  separate  as  carbonates,  carrying  with 
them  mechanically  many  of  the  other  impurities. 

Filtration  Method.  — Filtration  through  sand  and 
gravel  affords  very  satisfactory  results,  provided  the  filter 
beds  are  sufficiently  extensive,  and  the  filtration  is  not  too 
rapid. 

Filtration  takes  from  a  solution  only  the  solid  particles 
v^^hich  are  not  in  solution,  and  may  even  fail  to  take  out  the 
smaller  solids  including  bacteria.  If,  however,  the  soil  be 
pure  and  the  normal  amount  of  oxygen  be  present,  as  the 
water  slowh'  seeps  through  it,  the  organic  matter,  living 

2Drinkiag  Water  and  Ice  Supplies,  Prudden,  pp  99  and  100. 
3  Bacteria,  Prudden,  p  129. 
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and  dead,  may  be,  and  usually  is,  oxidized  and  destroyed. 

So  a  soil  may  be  the  means  of  purifying  and  rendering 
wholesome  the  water  passing  through  it. 

On  the  other  hand  if  the  soil  be  allowed  to  become  over- 
charged w^ith  organic  matter,  by  too  careless  placing  of  cess- 
pools or  privj'  vaults  near  the  well,  or  the  throwing  of  kitch- 
en and  other  household  wastes  on  the  ground  nearby,  in- 
stead of  being  the  means  of  purifying  the  water  passing 
through  it,  it  may  charge  the  water  so  with  organic  matter 
and  bacteria  as  to  make  a  water,  formerly  pure,  unsafe  to 
use.  This  is  the  method  upon  which  we  must  depend  for  the 
purification  of  our  farm  well  water,  and  it  is  highly  import- 
ant that  the  soil  about  the  well,  through  which  the  surface 
water  must  percolate,  be  kept  as  pure  as  possible,  and  that 
as  thick  a  bed  of  soil  be  traversed  as  can  be,  by  walling, 
water  tight,  the  sides  of  the  well,  if  possible,  nearl3'  or  quite 
to  the  bottom. 

The  water  supply  of  London  comes  largely  from  the 
Thames  river  and  is  of  course  very  impure  before  treat- 
ment, which  consists  in  passing  the  water  through  filter  beds 
of  sand.  This  gives  a  product  which  favorably  compares 
with  the  supplies  furnished  our  American  cities. 

An  interesting  fact  is  that  that  these  filters  do  not  work 
so  well  at  first  as  thev  do  after  some  little  time,  about  a 
week.  This  is  explained  by  the  fact  that  the  bacteria  can  at 
first  pass  through  the  pores  of  the  filter,  but  after  a  while 
these  pores  become  filled  with  a  gelatinous  mass  of  princi- 
pally harmless  bacteria,  which  imprison  and  destroj^  or- 
ganic matter  and  harmful  bacteria.  In  view  of  this,  it  must 
not  be  thought  that  a  filter  bed  is  useful  through  all  time, 
for,  like  the  soil,  it  soon  becomes  overcharged  with  bacteria 
and  organic  matter,  and  must  then  be  renewed. 

Alum  Precipitation  and  Filtration. — The  addition  of 
very  small  quantities  of  alum  to  impure  waters  is  attended 
with  very  remarkable  results.  A  coagulum  is  formed,  and 
much  of  the  soluble  matter,  and  nearlv  all  of  the  solid  mat- 
ter  and  bacteria,  are  imprisoned  in  it  and  may  separated 
from  the  water  by  simple  filtration. 
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This  method  is  used  in  many  ol  the  large  cities  of  America^ 
the  filtration  being  done  bj'^  aid  of  pressure. 

If  it  is  believed  that  the  water  in  use  is  impure  and  no 
other  drinking  water  be  available,  the  easiest  treatment  to 
render  it  usable  is  to  boil  it.  Let  it  be  thoroughly  under- 
stood, however,  that  mere  raising  to  the  boiling  point  is  not 
suiScient  to  make  an  impure  water  safe  for  use.  It  should 
be  boiled  for  at  least  half  an  hour. 

SOURCES  OF,  AND  REflARKS  ON,  SAMPLES  ANALYZED. 

# 

No.  189.  From  well  of  Bozeman  Milling  Co.,  one  mile 
north  of  Bozeman.  A  very  fair  water,  as  indicated  by  anal- 
ysis. 

No.  190.  From  Frank  Van  Allen's  well,  one-half  mile 
north-west  from  Bozeman.  Shows  a  large  amount  of  albu- 
minoid ammonia  and  of  total  solids;  the  former  in  the  absence 
of  much  free  ammonia,  is  consideredto  indicate  vegetable  con- 
tamination. The  **  hardest'*  of  all  samples  examined.  The 
addition  of  a  small  amount  of  alum,  with  subsequent  filtra- 
tion, would  have  very  beneficial  results. 

No.  191.  From  A.  L.  Corbly's  ranch,  near  Spring  Hill, 
15  miles  north  from  Bozeman.  This  water  is  obtained  from 
Corbly  creek.  It  runs  about  two  hundred  yards  through  an 
open  ditch,  and  from  the  end  of  the  ditch  is  piped  to  the 
house.  An  excellent  water;  by  far  the  least  **hard''  of  all 
the  samples  examined.  This  softness  is  accounted  for  by  the 
fact  that  the  creek  runs  on  a  bed  of  gneiss  rock  instead  of 
limestone,  as  is  the  case  with  nearly  all  the  streams  on  this 
side  of  the  valley.  The  soil  is  also  heavily  charged  with 
carbonate  of  lime  in  the  greater  portion  of  the  vaMty, 

No.  192.    From  Theo.  Norman's    ranch,    Spring    Hill. 

Shallow  well;  remarkably  pure,  when  depth  is  considered. 

The  water  should  be  especially  protected  against  surface 
contamination. 

No.  193.    From  ranch  of  Orvis  W.   Smith,  Spring  HilL 

The  well,  which  is  87  feet  deep,  is  situated  on  a  knoll,  which 

accounts  for  its  considerable  depth.    Of  all  the  well  water 

examined,  this  is  the  purest. 
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No.  194.  From  Arthur  Truman's  ranch,  Spring  Hill. 
Taken  from  Spring  Hill  creek,  it  is  carried  through  an  open 
ditch  for  about  a  half  a  mile,  then  in  a  pipe  about  one  hun- 
dred yards.  An  impure  water,  not  now  used  for  drinking 
purposes.  The  nearness  of  the  corrals  to  the  creek,  and  the 
pastures  bordering  on  it,  account  for  its  impurity. 

No.  195.  From  Harry^  Smith's  ranch,  west  of  Bozeman. 
The  amount  of  ammonia,  both  of  free  and  albuminoid,  is 
somewhat  high,  and  would  Suggest  that  the  well  be  protect- 
ed against  contamination. 

No.  196.  From  W.  E.  Harmon's  ranch,  west  of  Boze- 
man. Contains  an  unusual  amount  of  free  ammonia,  the 
presence  of  which  it  is  difficult  to  account  for,  as  there  are 
no  outhouses  near. 

No.  197.  From  W.  H.  Tracv's  ranch,  near  Nelson  Storv 
&  Co's  mill,  one  and  one-half  miles  from  Bozeman.  A  fairly 
pure  water. 

No.  198.  From  Clinton  Monroe's  ranch.  Spring  Hill. 
This  water  is  taken  from  a  soft,  boggy  place  on  the  ranch, 
and  carried  in  an  open  ditch  to  the  house. 

No.  199.  From  John  Walton's  ranch,  Spring  Hill.  This 
is  a  very  shallow  well,  and  while  the  sample  taken  for  anal- 
ysis is  pure,  still  there  is  always  a  menace  to  purity  on  ac- 
count of  small  depth,  through  which  percolating  waters 
must  pass  in  order  to  reach  the  well.  The  well  should  be 
carefull}'-  walled  and  curbed.  On  account  of  nearness  to  the 
creek  the  ground  water  probably  has  a  fairly  rapid  flow. 

No.  200.  From  Bozeman  city  dumping  grounds.  The 
grounds  are  located  near  a  creek,  and  the  well  is  within  a 
few  feet  of  it.  The  water  evidently  seeps  from  the  creek 
bottom  through  the  intervening  soil  to  the  well.  It  is  a 
ver^^  fair  water  and  is  apparently  unaffected  by  the  various 
materials  upon  the  surface. 

No.  201.  Bozeman  cit^^  water  supply,  from  hydrant  on 
the  corner  of  Lamme  and  7th  streets,  a  *'  dead  end.  "  When- 
ever these  **  ends"  are  not  frequently  flushed,  the  amount  of 
organic  matter  increases  very  considerably  and  ma}^  even 
become  dangerous  in  quantity.    A  comparison  of  this  anaU-- 
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sis  and  that  of  the  following  sample,  with  No.  211,  shows 
what  a  great  difference  there  may  be  in  the  character  of  the 
water  from  the  same  source,  if  some  of  it  be  allowed  to  stag- 
nate. 

No.  202.  From  hydrant  on  the  comer  of  Curtis  and 
3rd  streets.  Another  **  dead  end."  Remarks  upon  No.  201 
applj"  also  to  this  sample. 

Nos.  203  to  208  inclusive.  Samples  from  wells  in  vari- 
ous parts  of  the  city  of  Bozeman.  Hardly  any  of  these  sam- 
ples are  above  suspicion,  as  would  be  expected.  The  safest 
plan  in  all  cases  would  be  to  avoid  the  use  of  water  irom 
wells  in  thickly  settled  districts. 

Nos.. 209  and  210  are  samples  from  the  Story  spring,  ad- 
joining the  College  grounds.  This  water  is  used  in  the  Ex- 
periment Station  Farm  house.  The  samples  were  taken  at 
different  times  and  represent  a  water  of  good  quality. 

No.  211.  City  water  from  the  Chemical  laboratory 
faucets,  situated  near  the  center  of  the  pipe  system  where  a 
considerable  quantity  of  water  is  constantly  passing.  This 
sample  is  very  pure  and  shows  how  much  better  water  is 
when  it  has  no  opportunity  to  stagnate.  Compare  with 
Nos  201  and  202. 
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DIRECTIONS  FOR  TAKING  SAHPLES. 

Use,  for  shipping  sample,  a  two  gallon  demijohn,  prefer- 
ably one  which  has  not  previously  been  used.  Rinse  the  bot- 
tle several  times  with  the  water  of  the  well  from  which  sam- 
ple is  to  be  taken,  then,  without  stirring  up  the  sediment, 
fill  it  with  the  water  and  cork  with  a  clean  cork.  Seal,  and 
pack  carefully  to  prevent  breaking. 

Send  a  letter  of  advice,  describing  location  of  well,  with 
respect  to  house,  barn,  outhouses  and  corral. 

Describe  soil  in  which  well  is  sunk,  also  the  well  itself; 
particularly,  state  whether  it  is  curbed  and  tightly  walled. 
Give  any  further  information  that  may  be  useful. 

Address  the  sample  to 

Chemical  Laboratory, 

Montana  Experiment  Station, 

BozEMAN,  Montana. 
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MONTANA  SW^INE  FEEDING. 


FRANK  BEACH. 


Montana  is  blessed  with  a  climate  in  which  the  pig  thrives.  The 
extreme  heat  of  the  summer  months  is  much  less  than  in  the  corn  grow- 
ing states,  and  hogs  do  not  suffer  from  this  cause.  If  given  an  oppor- 
tunity they  will  demonstrate  the  fact  that  swine  raising  is  profitable. 

Corn  can  be  grown  successfully  in  this  state  only  in  a  few  localities, 
because  of  the  high  altitudes,  cool  nights,  and  low  humidity  ;  but  these 
conditions  are  requisites  for  the  successful  growing  of  wheat,  oats,  and 
barley,  and  Montana  excels  in  the  production  of  these  grains.  The 
utilization  of  these  crops  upon  the  farm,  and  their  marketing  in  the 
form  of  pork,  mutton  and  beef,  will  save  money  to  the  farmer  and  give 
the  consumer  a  better  product  than  is  obtained  in  the  corn  growing 
districts. 

Montana  does  not  produce  enough  pork,  ham,  bacon  and  lard  for 
her  own  consumption,  but  imports  these  products  from  North  Dakota, 
Utah,  Minnesota,  Nebraska,  Kansas^  Missouri,  Illinois,  Iowa  and 
Washington.  According  to  statistics  taken  from  the  Fourth  Annual 
Report  of  the  Bureau  of  Agriculture,  Labor  and  Industry  of  Montana 
for  1896,  Montana  produced  47,208  hogs.  Of  these  11,355  were  killed 
for  home  use  on  the  farm,  and  35,853  were  marketed.  The  proportion 
of  pork  products  averaged  from  reports  of  principal  dealers  in  the  large 
towns  and  cities  of  each  county  in  the  state  for  1896,  show  that  for  62 
towns  and  cities,  eighty-four  and  thirty- three  hundredths  (84.33)  per 
cent,  of  the  pork,  ham  and  bacon  sold  was  imported  into  the  state,  and 
for  63  towns  and   cities  reported,  eighty-six  and  sixty-two  hundredths 
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(86.62)  per  cent  of  the  lard,  sold  was  imported.  Then  taking  eighty- 
four  and  thfrty-three  hundredths  (84.33)  per  cent,  as  the  proportionate 
number  of  hogs  that  are  imported  we  find  that  Montana  in  producing 
47,208  hogs  grows  only  fifteen  and  sixty-seven  hundredths  (15.67)  per 
cent,  of  her  pork.  To  supply  her  own  markets  312,636  hogs 
should  annually  be  produced. 

Swine  feeding  is  an  industry  still  in  its  infancy,  yet  it  has  been 
demonstrated  by  a  large  number  of  farmers  that  the  hog  thrives  upon 
the  Montana  farm:  He  is  an  animal  that  will  utilize  and  convert  into 
a  profitable  commodity  a  large  proportion  of  the  otherwise  useless  prod- 
ucts of  the  Montana  farm.  Many  Montana  farmers  have  been  growing 
grain  and  hay,  shipping  the  grain  to  eastern  markets  and  hauling  the 
hay  to  town  to  be  sent  to  the  mining  camps  of  the  state.  They  have 
been  buying  pork  for  home  consumption  at  eastern  prices  plus  the  rail- 
way freight,  and  marketing  grain  sent  out  of  the  state  at  eastern  prices, 
less  the  freight  from  Montana  to  the  eastern  market.  Thus  bearing  the 
expense  of  the  double  transportation.  There  is  no  reason  why  they 
should  not  produce  more  of  the  leguminous  crops :  clover,  alfalfa,  alsike 
and  peas;  feed  these  at  home,  and  after  growing  their  own  pork,  market 
the  surplus  product  within  the  state. 

The  cost  of  growing  pork  in  Montana  is  not  great.   We  have  clover, 
alfalfa  and  pea  pastures,  than  which  there  is  none  better.     The  barley, 
peas  and  wheat  of  this  state  have  no  equal,  and  they  excel   the  corn  of 
the  east  as  pork  producers.     These  foods  when  properly  combined  and 
fed  will  give  results  that  challenge  any  state  in  the  Union.      A  pig  may 
be  grown  to  a  weight  of  150  pounds  at  an  expense  not  exceeding  $3.00, 
counting  the  pig  worth  $1.50  at  the  age  of  two  and  one-half  months  or 
weaning  time.    If,  at  this  age  he  is  placed  on  good  alfalfa  or  clover  pas- 
ture (the  estimated  cost  of  which  will  be  ten  cents  per  head  per  month) 
and  given  one  pound  of  cracked  barley  a    day    at    a   cost  of  65  cents  a 
hundred,  or  20  cents  per  month,  the  total  cost  will  be  30  cents  a  month. 
This  for  four  months,  gives  a  cost  for  maintenance  of  $1.20,  or  a  total 
cost  of  $2.70.      He  is  then  ready  for  the  stubble  fields  where  he   wf" 
gather  up  the  shattered  wheat,  barley  and  peas  and  convert  them   in 
pork.      The  stubble  fields  will  furnish  an  abundant  supply  of  food  fro 
the  middle  of  September  to  the  first  of  November,  when  he  will  berea 
for  the  fattening  pen.     Counting  the    stubble   field  worth  30   cents   1 
each  head,  we  have  a  total  cost  for  one  hog  of  S3. 00.     He  will  weigh 
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least  150  pounds,  at  a  cost  of  two  cents  a  pound  up  to  this  point.  This 
is  on  the  supposition  that  pigs  arrive  the  middle  of  March  to  the  first  of 
April. 

To  determine  the  value  of  pasture  for  hogs,  a  drove  of  the  Station 
swine  consisting  of  9  brood  sows  and  44  pigs  was  turned  on  alfalfa  pas- 
ture containing  four  and  one-half  acres,  August  22nd.  The  sows  had 
an  average  weight  of  2721/3  pounds.  On  October  5th  they  weighed 
277^3  pounds  each,  showing  a  gain  of  5  pounds  during  the  six  weeks. 
They  received  no  food  other  than  that  afforded  by  the  alfalfa  pasture. 
The  sows  were  weighed  each  week.  The  gains  were  greater  in  August 
and  the  first  part  of  September,  while  the  last  two  weeks  there  was  an 
actual'loss  in  weight,  owing  largely  to  the  fact  that  the  pasture  became 
poor,  late  in  the  season. 

The  oldest  pigs  were  farrowed  March  i8th  and  the  others  at  later 
periods  until  the  middle  of  June.     On  August    22nd    they  had  an  aver- 
age weight  of  fifty-seven  and  one-tenth  (57.  i)  pounds.     A  creep  was 
made  so  that  they  could  crawl  under   a  plank   into   a  pen  where  they 
were  each  fed  a  daily  ration  of  one   pound   of  cracked   barley,  given  in 
two  meals,  morning  and  evening.     On   the   5th   of  September  the  pigs 
averaged  sixty-five  and  two-tenths   (65.2)  pounds,   sliowing  a  gain  of 
eight  and  one-tenth  (8.1)  pounds  each  orfour  and  five  hundredths  (4.05) 
pounds  per  week.     At  this  time  thiec  young  boars  were  separated  from 
the  drove.     The  remaining   forty-one   pigs  had   an    average  weight  of 
sixty-four  and  nine-tenths  (64.9)  pounds.     On  October  loth,  five  weeks 
later,  they  had  an  average  weight  of  seventy-nine  and  six-tenths    (79.6) 
pounds,  or  a  gain  of  fourteen   and   seven-tenth   (14.7)  pounds  each,  or 
forty-two  hundredths  (.42)  of  a  pound  per  day.     They  were  turned  into 
the  barley,  wheat  and  pea  stubbles  on  October  14th.  On  the  17th  of  Octo- 
ber they  had  filled  themselves  so  that  they  had  an  average  weight  of  941b  s, 
a  fill  and  gain  of  fourteen  and  four-tenths  (14. 4)  pounds.       On  Novem- 
ber 14th  they  had  an  average  weight  of  one  hundred  sixteen  and  eight- 
tenths  (116. 8)  pounds.     During  this  time  they  received  no  grain  other 
ban  that  found  in  the  fields,   except  on   stormy  days,  which  amounted 
3  twenty-four  and  one  tenth   (24.1)   pounds  per  head  during  the  five 
ccks.      Thus  they  gained. twenty-two    and   eight-tenths  (22.8)  pounds 
most  entirely  from  the  grain    obtained    in    the  stubble.     Or  counting 
)ur  and  one-half  (4.5)  pounds  of  grain  to  produce  one  pound  of  p^ork, 
ley  made  a  gain  in  weight   due  to    this    grain  o(   fivQ  a,nd  thrQQ-t^pth 
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('5.3)  pounds.  There  was  a  total  gain  of  twenty-two  and  eight-tenths  (22.8) 
pounds.  Subtracting  the  five  and  three-tenth  (5.3)  pounds  gain  due  to 
the  grain  fed  during  the  storms  we  have  a  gain  of  seventeen  and  five- 
tenth  (17.5)  pounds  as  the  amount  of  gain  due  to  the  grain  picked  up 
in  the  stubble.  On  the  basis  of  four  and  five-tenths  (4.5)  pounds  of 
grain  to  produce  one  pound  of  pork,  we  have  seventy-eight  and  seven- 
ty-five hundredths  (78.75)  pounds  of  grain  as  the  amount  of  food  con- 
sumed by  each  pig.  There  were  41  pigs  in  the  field  besides  the  brood 
sows.  These  41  pigs  gathered  up  in  grain  three  thousand  two  hundred 
twenty-eight  and  seventy-five  hundredths  (3228.75)  pounds.  An  amount 
which  would  have  been  otherwise  entirel}'  lost.  The  fields  were  har- 
vested in  the  usual  manner.  There  was  very  little  "down"  grain,  and 
the  grain  that  was  left  did  not  exceed  the  usual  amount  shelled  out  on 
the  fields  of  the  average  farm.  On  this  stubble  field  seven  brood  sows 
ran  during  the  past  winter.  They  received  no  other  food  except  a  por- 
tion of  the  slops  from  the  house  and  a  small  grain  ration  on  stormy 
days  when  they  could  not  rustle  in  the  field.  These  sows  frequently 
rooted  down  through  six  inches  of  snow  and  found  sufficient  grain  to 
keep  them  in  good  condition  throughout  the  entire  winter.  The  stub- 
ble fields  on  the  Station  consisted  of  ten  and  seventy-three  hundredths 
(10.73)  acres  of  peas,  ten  and  forty-four  hundredths  (10.44)  acres  of 
wheat,  eighteen  (18)  acres  of  barley,  and  twenty-four  (24)  acres  of  oats. 
The  amount  of  grain  figured  for  the  consumption  of  the  forty-one  (41) 
pigs  represents  only  a  portion  of  the  grain  which  is  shattered  and  can 
be  utilized  by  the  hog.  This  shattered  grain  could  not  be  saved  in  any 
other  manner  and  represents  so  much  clear  profit. 

On  the  2ist  of  November  thirty-eight  (38)  pigs  of  this  drove  were 
selected  for  a  feeding  experiment.  A  litter  of  eleven  which  was  far- 
rowed July  nth  was  added  to  these,  making  a  total  of  forty-nine  (49) 
pigs.  These  were  selected  as  being  an  average  lot  of  pigs,  varying  in 
ages  from  four  and  one-half  to  eight  months,  suitable  for  fattening  on 
the  farm.  Another  object  was  to  select  neither  the  best  nor  the  poor- 
est pigs,  but  to  secure  an  average  quality.  It  was  believed  that  the 
large  number  entering  into  the  experiment  would  eliminate  variations 
due  to  the  individuality  of  the  animals.  The  larger  number  woulc^ 
give  more  accurate  results,  showing  that  if  there  was  any  virtue  in  tin 
feed  given  to  one  pen  over  that  given  to  the  others,  the  results  would  b 
certain  to  indicate  that  character. 
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A  great  drawback  to  the  value  of  many  feeding  experiments  is  the 
using  of  but  t^o  or  three  animals  in  such  experiments.  One  of  these 
getting  off  feed,  or  not  possessing  desirable  fattening  qualities  will  have 
such  an  influence  upon  the  experiment  that  it  is  a  question  whether  it 
is  the  food  or  the  animal  that  makes  the  difference  in  results.  These 
forty-nine  (49)  pigs  weighed  five  thousand  five  hundred  eighty-five 
(5885)  pounds  on  November  21st,  and  were  fed  a  preliminary  ration  of 
cracked  barley  until  November  24th,  in  which  time  they  each  consumed 
an  average  of  twenty-seven  (27)  pounds  of  grain  andweighed  five  thou- 
sand nine  hundred  eighty-five  (5985)  pounds,  a  gain  and  fill  of  four 
hundred  (400)  pounds,  or  eight  and  sixteen  one  hundredths(8. 16)  pounds 
each  in  three  days.  The  feeding  lots  were  of  an  average  size  of  one 
hundred  seventy-five  by  thirty-two  feet,  and  afforded  ample  space  for 
exercise.  Lot  number  one  contained  thirteen  pigs  weighing  1628 
pounds,  or  one  hundred  twenty-five  and  two-tenths  (1^5.2)  pounds  each. 
Lot  number  two  contained  twelve  pigs  and  weighed  1437  pounds,  or 
one  hundred  nineteen  and  eight-tenths  (119.8)  pounds  each.  Lot  num- 
ber three  contained  twelve  pigs  and  weighed  1506  pounds,  or  one  hun- 
dred twenty-five  and  five-tenths  (125.5)  pounds  each.  Lot  number  four 
contained  twelve  pigs  and  weighed  141 4  pounds,  or  one  hundred  sev. 
enteen  and  eight-tenths  (117.8)  pounds  each.  While  these  pigs  varied 
in  average  weight,  their  general  appearance  and  make-up  were  the  same. 

PLAN  OF  EXPERIMENT. 

It  was  desired  to  determine  whether  Montana  barley,  wheat  and 
peas  possessed  superior  fattening  qualities,  also  whether  pork  produced 
from  these  different  feeds  would  not  give  a  large  proportion  of  lean  to 
fat,  with  firm  flesh,  thus  giving  the  desired  article  for  bacon  and  ham. 
The  prices  of  wheat  at  Bozeman  during  the  fall  and  early  winter  of  1896 
was  $1.00  per  hundred  weight.  A  price  at  which  the  farmer  could  not 
afford  to  feed  wheat  to  hogs  with  pork  at  three  and  one-half  ( 3>{> )  cents 
a  pound.  However  it  was  desired  to  determine  the  pork  producing 
quality  <A  wheat  and  the  result?  thus  be  available  to  the  farmer  regard- 
less of  ffre  selling  price  of  wheat  or  pork.  Barley  of  good  quality  was 
65  cents  per  hundred  pounds.  At  this  price  the  farmer  could  afford  to 
feed  it  to  hogs  even  if  he  did  not  receive  a  high  price  for  it  in  the  form 
of  pork.  The  marketing  of  grain  converted  into  pork  means  one  trip 
to  the  market  instead  of  five,  and  again  in  feeding   out  the  grain  on  the 
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farm  a  large  per  cent,  of  the  fertility  of  the  soil  taken  up  in  the  grain  is 
returned  to  the  farm  in  the  form  of  manure,  a  fact  well  worthy  of  con- 
sideration. At  present  there  is  no  regular  market  price  for  peas. 
Enough  of  them  have  not  been  produced  in  Montana  to  warrant  their 
being  shipped.  The  prices  have  ranged  in  the  past  three  years  from 
two  to  four  cents  per  pound,  and  these  have  been  sold  mainly  for  seed. 
On  the  basis  of  production,  however,  if  we  compare  them  with  barley 
as  a  standard  we  have  an  average  yield  of  2088  pounds  of  barley  per 
acre  on  the  Station  for  the  past  three  years,  and  of  peas  an  average 
yield  of  1920  pounds  per  acre.  Peas  would  then  have  a  value  of  seventy  and 
seven-tenths  (70.7)  cents  per  hundred  as  compared  with  barley  at  65 
cents  per  hundred.  The  prices  of  grain  in  Montana  during  the  past 
season  have  been  encouraging,  but  exclusive  grain  raising  is  not  con- 
ducive id  the  best  results  in  farming.  If  we  can  utilize  the  grain  upon 
the  farm  and  secure  a  fair  price  for  it  by  feeding  it  to  hogs,  even  when 
the  market  for  grain  is  low,  the  farm  can  be  made  to  yield  maximum 
returns.  While  at  the  present  prices  of  grain  and  pork  there  is  not  a 
large  profit  in  the  feeding  of  hogs,  yet  there  is  a  sufficient  gain  to  pay 
for  all  time  and  trouble  expended,  and  the  cheap  summer  growth  made 
by  using  the  clover  pastures  will  yield  the  profit.  The  barley  of  Mon- 
tana has  a  world-wide  reputation  for  its  plump  berry  and  its  superior 
malting  properties.  The  average  weight  of  a  struck  bushel  of  barley  grown 
at  this  Station  was  5573  pounds.  The  average  barley  production  per 
acre  for  the  years  1894,  1895  and  1896  in  the  Gallatin  Valley  was  forty- 
six  and  three-tenths  (46.3')  bushels  machine  measure.  More  than  one 
hundred  samples  of  wheat  as  analyzed  by  the  Experiment  Station  Chem- 
ist, Dr.  F.  W.  Traphagen,  gave  as  the  highest,  seventeen  and  sixty-two 
hundredths  (17.62)  per  cent,  of  gluten,  while  the  highest,  of  three  hun- 
dred and  ten  (310)  analyses  taken  from  Jenkins'  and  Winton's  tables 
gives  seventeen  and  two- tenths  (17. 2)  per  cent.  The  lowest  found  in 
any  sample  of  Montana  wheat  gave  nine  and  thirty-eight  one  hundredths 
(9.38)  per  cent,  crude  protein,  while  the  lowest  of  the  wheats  as  taken 
from  Jenkins'  and  Winton's  tables  was  eight  and  one-tenth  (8.1)  pe 
cent,  of  crude  protein.  These  figures  conclusively  prove  the  richnes 
of  Montana  wheat  as  compared  with  wheat  produced  in  other  states 
The  average  yield  of  wheat  per  acre  in  the  Gallatin  Valley  for  the  yeai 
1894,  1895  and  1896  was  thirty-five  and  seven-tenths  (35.7)  bushels  p< 
acre. 
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The  Canada  field  peas  produced  in  Montana  are  not  excelled.   The 
yield  of  this  grain  as  grown  on  tlie  Montana  Experiment  Station  during 
the  past  three  years  has  averaged  thirty-two  (32)  bushels  per  acre.   The 
pigs  did  not  bolt  the  peas  as  they  did  the  smaller  grain,  but  would  take 
time   to    masticate    before  swallowing.     The    barley    and    wheat  were 
ground,  and  all  grain  was  fed  dry.    It  was  found  that  when  the  pigs  were 
fed  whole  grain,  a  portion  passed  undigested.    In  order  to  avoid  this  the 
wheat  and  barley  were  ground.    The  grinding  was  done  at  an  expense  of  5 
cents  per  hundredweight.    The  same  results  might  possibly  have  been  ob- 
tained by  soaking  the  grain  for  twenty-four  (24)  hours   before  feeding. 
A  stream  of  pure   water  ran   through  each    pen  so  that  the  pigs  could 
help  themselves  thereto  at  any  time  of   the  day  or  night.     They  were 
given  salt  at  regular  intervals,  and  wood  ash^s  were  kept  constantly  in 
their  pens.      The  pigs  were  fed  at  seven  o'clock  in  the  morning  and  six 
o'clock  in  the  evening.      All  grain  was  accurately  weighed  and  a  record 
kept  of    all   food  consumed.      Lot  number  one   was   fed   barley.      Lot 
number  two  was  fed  barlc}-  and  vv'heat  equal  parts.       Lot  number  three 
was  fed  barley  and  peas  equal  parts.      Lot  number  four  was  fed  barley, 
wheat  and  peas  equal  parts.      The  lot  fed  barley  received  a    food  of  the 
nutritive  ratio  of  one  to  six  (1:6).      Lot  two  also  had  a  food  of  a  nutritive 
ratio  of  one  to  six  (1:6).      Lot  three  had  a   food  of  a   nutritive  ratio  of 
one  to  four  and  four-tenths  (1:4.4).      Lot  four  had  a  food  of  a  nutritive 
ratio  of  one  to  four  and  nine-tenths  ( 1:4.0).      All  lots  were  fed  what  is 
known  as  a  narrow   nutritive   ratio,    possessing  a    large    proportion  of 
muscle  forming  material.      The  pigs  were  of  such  an  age  and  condition 
that  a  muscle  and  growth  forming  food  would  best  meet  their  require- 
ments, especially  during  the  first  portion  of  the  experiment.       The  pigs 
were  fed  all  ihcy  would  consume  at  each  meal.       It  required  about  two 
hours  for  them  to  consume  their  rations.      They  were  all  healthy,  grow- 
ing animals;  the  majority  were  grade  Poland  China,  out  of  good  grade 
sows,  and  a  full  blood  boar.       Several  were  pure  blood  Poland  Chinas, 
and  a  few  were  half  blood  Chester  Whites.      These  were  equally  divid- 
1,  as  nearly  as  possible,  among  the  various  lots,  so    that  each  lot  rep- 
sented  a  fair  average.     The  lots  were    weighed   once  a  week  and  the 
eights  carefully    recorded.      It   was   not   deemed    necessary  to  keep  a 
parate  a::count  of  each  pig,  as  average  and  not  individual  results  were 
sired.      The  experiment  may  be  divided  into  three    periods  :  the  first 
riod  consisting  of  thirty-two  days,    the  second  twenty-one  days,  and 
e    last    of   twenty-three    days.      The    following    table    will   show  the 
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amount  of  food  consumed  by  each  pen  and  the  gain  in  weight : 
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Lot  one  gained  one  and  sixty-two  one  hundredths  (1.62)  pounds  in 
weight  per  day  for  thirty-two  days  at  a  cost  of  four  and  eighty-nine 
hundredths  (4.89)  pounds  of  barley  for  each  pound  of  gain.  With  bar- 
ley at  seventy  cents  per  hundred  weight  it  cost  three  and  forty-two  hun- 
dredths (3.42)  cents  for  each  pound  of  gain,  or  with  pork  at  three  and 
one-half  cents  a  pound  it  gave  seventy-one  and  six-tenths  (7i.b)  cents 
per  hundred  for  the  barley.  This  was  for  weight  between  one  hundred 
twenty-five  and  two-tenths  (125.2)  pounds  and  one  hundred  sevent}*- 
seven  and  four-tenths  (177.4)  pounds.  Lot  two,  which  was  fed  equal 
parts  of  barley  and  wheat  gained  one  and  sixty-five  hundredths  (1.65) 
pounds  a  day  at  a  cost  of  four  and  sixty-four  hundredths  (4.64)  pounds 
of  grain  for  each  pound  of  pork ;  or  a  return  for  the  grain  of  seventy- 
five  and  four-tenths  cents  (75.4)  cents  per  hundred,  with  pork  at  three 
and  one-half  cents  a  pound.  Lot  three  on  barley  and  peas  gained  one 
and  sixty- two  hundredths  (1.62)  pounds  a  day  at  a  cost  of  four  and 
fift^'-three  hundredths  (4.53)  pounds  of  grain  for  each  pound  of  pork. 
It  will  be  noticed  that  these  animals  consumed  less  food  than  the  other 
lots  but  they  put  that  food  to  better  account,  making  as  great  a  daily 
gain  as  lot  number  one,  but  on  thirty-six  hundredths  pounds  less  food. 
A  substantial  saving  when  a  number  of  pigs  are  being  fed.  This  food 
gave  a  return  of  seventy-seven  and  three-tenths  ^77.3)  cents  per  hun- 
dredweight for  the  grain,  with  pork  at  three  and  one-half  cents  a  pound. 

Lot  four,  fed  on  barley,  wheat  and  peas  equal  parts,  shows  the 
cheapest  gain  of  all,  making  a  pound  of  pork  on  four  and  tliirty-six 
hundredths  (4.36)  pounds  of  grain,  and  making  a  gain  of  one  and  sev- 
enty-five hundredths  (1.75)  pounds  of  pork  a  day.  They  consumed 
fifty-three  hundredths  (.53)  pounds  less  grain  than  lot  one  lor  each 
pound  of  increase,  denoting  the  adaptability  of  this  food  for  the  young, 
fattening  pig.  The  value  returned  for  the  grain  fed  is  eighty  and  three- 
tenths  (80.3)  cents  per  hundredweight.  At  this  stage  of  the  experiment 
the  smallest  pig  in  the  drove,  which  happened  to  be  in  lot  three,  was 
removed  from  the  experiment  as  he  had  contracted  the  complaint  pop- 
ularly known  as  the  ''thumps."  He  weighed  86  pounds.  His  removal 
gave  lot  three  a  higher  average  weight,  raising  it  from  one  hundred  sev- 
enty-seven and  four  tenths  (177.4)  pounds  to  one  hundred  eighty-five 
and  seven-tenths  (185.7)  pounds.  The  experiment  was  continued  with 
the  remaining  pigs  in  the  same  manner  as  before.  At  the  clos'^  of  the 
record  period  of  twenty-one  days  the   pigs  were    in  proper  condition  to 
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slaughter,  and  were  of  a  weight  that  is  most  desired  for  market.  The 
cost  of  bringing  the  pigs  to  this  condition  was  such  as  to  a  little  more 
than  pay  for  all  feed  consumed  in  the  fattening  with  pork  at  three  and 
one-half  cents  a  pound.  During  this  period  lot  one  made  a  gain  of  one 
and  sixty-eight  hundredths  (1.68)  pounds  a  day  at  a  cost  of  five  and 
five  hundredths  (5.05)  pounds  of  barley  for  each  pound  of  increase.  It 
may  be  noticed  that  the  cost  of  producing  pork  at  this  stage  when  the 
pig  was  between  the  weights  of  one  hundred  seventy-seven  and  four- 
tenths  (177.4)  pounds  and  two  hundred  twelve  and  eight-tenths 
(212.8)  pounds  was  sixteen  hundredths  (.16)  pounds  of  bar- 
ley greater,  or  in  other  words,  it  took  sixteen  hundredths  (.16)  pounds 
more  of  barley  to  make  a  pound  of  pork.  With  pork  at  three  and  one- 
half  cents,  the  increase  in  weight  returned  sixty-nine  and  five-tenths 
(69.5)  cents  per  hundred  for  the  food  consumed.  A  decrease  in  the 
pork  producing  value  of  the  barley  of  two  and  one-tenth  (2.1)  cents. 
A  small  amount,  but  one  on  which  often  hinges  the  question  of  a  profit 
or  loss. 

Lot  two,  fed  on  barley  and  wheat,  made  a  gain  of  one  and  sixty- 
three  hundredths  (1.63)  pounds  a  day  at  a  cost  of  five  and  six  hun- 
dredths (5.06)  pounds  of  grain  for  each  pound  of  increase  in  weight. 
The  value  of  this  mixture  appears  to  be  about  the  same  as  the  barley  alone 
between  the  weights  one  hundred  seventy-two  and  five-tenths  (17^.5) 
pounds  and  two-hundred  six  and  nine-tenths  (206.9)  pounds.  There  is 
not  enough  difference  in  the  ratio  of  grain  consumed  to  pork  produced 
to  warrant  the  assumption  that  either  barley  alone  or  barley  and  wheat 
equal  parts  possess  any  virtue  over  the  other. 

Lot  three  fed  on  barley  and  peas,  made  a  gain  of  one  and  sixty- 
nine  hundredths  (1.69)  pounds  a  day  at  a  cost  of  five  and  one  hun- 
dredths (5.01)  pounds  of  grain  for  each  pound  of  increase  in  weight. 
This  mixture,  between  the  weights  of  one  hundred  eighty-five  and  sev- 
en-tenths (185.7)  pounds  and  two  hundred  twenty-one  and  two-tenths 
(221.2)  pounds  gave  a  return  of  practically  seventy  (70)  cents  per  hun- 
dred for  all  food  consumed. 

Lot  four  fed  on  barley,  wheat  and  peas,  made  a  gain  of  one  and 
seventy-one  hundredths  (1.71)  pounds  a  day  at  a  cost  of  four  and 
eighty-two  hundredths  (4.82)  pounds  of  grain  for  each  pound  of  in- 
crease. This  combination  of  feeds  gave  for  weights  of  from  one  hun- 
dred seventy-three   and    eight-tenths    (173.8)    pounds    to  two  hundred 
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nine  and  eight-tenth  pounds  a  return  of  seventy-two  and  six-tenths  (72.6)' 
cents  per    hundredweight  for  food   consumed,  showing  the  best  returns 
of  any  of  the  feeds  used.     From  this  time  on  the  expense  of  putting  a 
pound  of  flesh  increased  faster  than  before.     The  weather  during  this 
period  was  not  conducive  to  good  results  from  feeding.     Sometimes  the 
pig  preferred  to  stay  in  his  bed  the  entire  day  rather  than  to  get  up  and 
go  to  his  feed.     The  feeding  was  carried  on  out  of  doors.     On  January 
23d  five  and  two-tenth  (5.2)  inches  of  snow  fell,  and  on  the  24th  of  Jan- 
uary the  thermometer  registered   19^    below  zero.     On  the  26th  it  was 
24^  below  zero  and  the  weather  did  not  moderate   until  January  30th- 
During  the  first  part  of  the  experiment  the  weather  was  all  that  could 
have  been  desired,  the  days   were   pleasant   and  warm    and   no  radical 
changes  occurred.     The  intention  was,  at  the   beginning  of  the  experi- 
ment, to  market  the   pigs  when  they  weighed  200  to  210  pounds,   but 
when  that  time  came  it  was  thought  that  additional  feeding   would  be 
valuable  to  bring  out  the  cost  of  putting  on  the  flesh  of  the  pig  as  he 
increased  in  age  and  weight.      The  results  obtained    from  lots  one  and 
two  fed  barley  and  barley  and  wheat  were  so  nearly  parallel  in  the  sec- 
ond period  that  barley   was  substituted  for   wheat  wherever  it  entered 
into  the  ration.     Lot  one  made  a  gain  of  one  and  twenty-one  hundredths 
<  1.21)  pounds  a  day  at  a  cost  of  six  and  seventy-one  hundredths  (6.71) 
pounds  of  grain  for  each  pound  of  food   consumed.     An    increase    in 
grain  for  this  period  of  one  and  sixty-six  hundredths  (1.66)  pounds  for 
each  pound  of  pork  produced.      The  pigs  gained  less  in  weight  per  day 
and  it  cost  more  to  put  that  weight  on.     Figuring  pork  at  three  and  one- 
half  (3)4)  cents  the  increase  in  weight  gave  fifty-two  and  two-tenths 
(52.2)  cents  per  hundredweight  as  the  price  received  for  the  grain  fed. 
A  difference  in  the  value  of  grain  for  this  period  of  seventeen  and  three- 
tenths  (17.3'   cents  per  hundredweight.     Lot  two  in  this  period  received 
barley  alone,  the  same  as  lot  one.     The   amount  of  daily  gain  one  and 
twenty- two  hundredths  (1.22)  p^ounds,   is  nearly  the   same  as  lot  one, 
but  the  food  consumed  was  six  and  forty-five  hundredths  (6.45)  pounds 
to  produce  a  pound  of  pork.     This  pork  would  then  yield  fifty-four  and 
three-tenths  (54.3)  cents  per  hundred  for  the  grain,  a  difference  in  price 
of  the  grain  in  favor  of  this  lot  of  two  and  one-tenth  (2.1)  cents.     Lot 
three  received  barley  and  peas  equal  parts,  the  same  as  during  the  other 
periods  of  the  experiment.     A  pound  of  gain  was  obtained  at  an  expense 
of  six  and  fifty-one  hundredths  (6.51)  pounds  of  grain.     The  daily  gain 
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•was  only  one  and  fifteen  hundredths  (1.15)  pounds,  less  than  any  of  the 
other  lots.  The  price  returned  for  the  grain  was  fifty-three  and  eight- 
tenths  (53.8)  cents  per  hundredweight,  or  one-half  cent  less  than  that 
of  lot  two. 

Lot  four  received  two  parts  barley  and  one  part  of  peas.  A  pound 
of  gain  was  obtained  at  the  expense  of  five  and  nine-tenths  (5.9)  pounds 
of  grain,  giving  a  daily  gain  of  one  and  twenty-seven  hundredths  (1.27) 
pounds  a  day.  An  amount  greater  than  any  of  the  other.  The  price 
returned  for  the  grain  was  fifty-nine  and  three-tenths  (59.3)  cents  per 
hundred.  Five  (5)  cents  greater  than  lot  two  which  was  the  highest 
return  given  by  any  of  the  other  lots. 

If  we  take  the  first  two  periods  of  fifty-three  (53)  days  we 
find  that  lot  one  consumed  five  thousand  six  hundred  forty-nine 
(5649)  pounds  of  barley  and  made  a  gain  of  eleven  hundred 
and  thirty-eight  (1138)  pounds  in  weight,  or  at  the  rate  of  four 
and  ninety-six  hundredths  (4.96)  pounds  of  grain  for  each  pound  of  in- 
crease in  weight.  A  price  for  the  barley  of  seventy  and  six-tenths  (70.6) 
cents  per  hundred.  Lot  two  consumed  five  thousand  fourteen  and 
five-tenths  (5014.5)  pounds  of  grain  and  gained  ten  hundred  and  forty- 
ty-four  (1044)  pounds  in  weight,  or  four  and  eight-tenths  (4.8)  pounds 
of  grain  to  one  pound  of  gain.  A  price  for  the  grain  of  seventy-two  and 
nine-tenths  (72.9)  cents  per  hundred  weight.  Lot  three  consumed  four 
thousand  seven  hundred  seventy-five  and  five-tenths  (4775.5)  pounds  of 
grain  and  gained  ten  hundred  and  thirteen  (1013)  pounds  in  weight,  or 
four  and  seventy-one  hundredths  (4.71)  pounds  of  grain  to  produce  one 
pound  of  gain.  A  price  for  the  grain  of  seventy-four  and  three-tenths 
(74.3)  cents  per  hundred.  Lot  four  consumed  five  thousand  six  and 
five-tenths  (5006.5)  pounds  of  grain  and  gained  eleven  hundred  and 
three  (1103)  pounds  in  weight,  or  four  and  fifty-five  hundredths  (4.55) 
pounds  of  grain  to  produce  one  pound  of  gain.  A  price  for  the  grain  of 
seventy-six  and  nine-tenths  (76.9)  cents  per  hundred. 

REMARKS. 

No  evil  effects  were  experienced  in  the  feeding  of  any 
of  these  grains  ;  however,  it  was  noticed  that  in  lot  three,  fed  on  peas 
and  barley,  the  excrements  were  sticky,  adhering  to  the  hairs  of  the 
body  around  the  anus.  The  same  was  noticed  to  a  less  extent  in  lot 
four,  fed  on  barley,  wheat  and  peas.  The  health  of  the  animals  did  not 
seem  to  be  in  any  way  affected  by  this  characteristic.     At  the  close  of 
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the  experiment  the  pigs  were  sold  at  Bozeman  for  three  and  one-half 
(3^)  cents  a  pound  on  foot.  Four  pigs,  one  from  each  pen,  of  the 
same  average  quality  and  weight,  were  chosen.  These  were  slaughtered 
and  cut  in  two  at  the  sixth  rib  and  photographs  taken  of  the  carcasses. 

Plate  number  one  shows  the  carcass  of  the  barley  fed  pig.  In  this 
the  flesh  was  firm,  but  there  was  a  large  proportion  of  fat  to  lean,  not 
so  much,  however,  as  is  found  in  the  corn  fattened  pig. 

Plate  two  shows  the  carcass  of  the  barley  and  wheat  fed  pig.  In 
this  we  find  a  greater  proportion  of  lean  to  fat.  The  flesh  firm  and  the 
meat  desirable  for  hams  and  bacon. 

Plate  three  shows  the  carcass  of  the  barley  and  pea  fed  pig.  The 
quality  of  the  meat  throughout  is  about  the  same  as  that  of  the  barley 
and  wheat  fed  pig,    a  desirable  article  of  pork. 

Plate  four  shows  the  carcass  of  the  barley,  wheat  and  pea  fed  pig. 
In  this  we  have  the  largest  per  cent,  of  lean  to  fat.  The  flesh  is  firm 
and  the  meat  is  of  the  best  quality  for  bacon,  hams  and  immediate  con- 
sumption. 

SUMMARY. 

Of  swine  products  consumed  in  this  state  Montana  produces  only 
fifteen  and  sixty-seven  hundredths  (15-67)  per  cent. 

To  supply  home  demand  312,636  pigs  are  required  annually. 

Pigs  thrive  in  Montana,  and  by  a  combination  of  grain  and  legum- 
inous pastures,  can  be  grown  to  a  weight  of  150  pounds  at  a  cost  of  two 
cents  a  pound.  Alfalfa,  clover,  peas,  wheat  and  barley  make  the  best 
of  pig  feed.     Alfalfa  or   clover   pasture  with  a  little  grain  in  summer 

affords  conditions  for  the  cheapest  growth  and  the  greatest  profit. 

Pigs  fed  on  barley  or  barley  and  wheat  at  present  market  prices  will  pay 
for  all  food  consumed  when  pork  is  three  and  one-half  cents  a  pound. 

The  pea  combined  with  grain  is  well  adapted  to  the  wants  of  the 
growing  animal,  and  will  give  the  greatest  gains  on  the  smallest  amount 
of  feed. 

The  lot  fed  equal  parts  of  barley,  wheat  and  peas  made  a  gain  of 
one  pound  in  weight  for  four  and  fifty-five  hundredths  (4.55)  pounds  of 
food,  when  the  pigs  were  between  the  weights  of  one  hundred  seven- 
teen and  eight  tenths  (117.8)  pounds  and  two  hundred  nine  and  eight- 
tenths  (209.8)  pounds. 

Pigs  make  the  greatest  gains  and  at  a  less  cost  of  grain  before  they 
reach  two  hundred  (200)  to  two  hundred  and  ten  (210)  pounds  in  weight. 

The  quality  of  pork  produced  from  wheat,  barley  and  peas  in  the 
various  combinations  used  is  firm  and  well  adapted  for  the  production 
pf  hams  and  bacon.  The  fat  and  lean  of  the  meat  being  well  distributed. 
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SWINE  PASTURE  FENCES. 

To  profitably  produce  pork  the  farmer  must  pasture  swine,  both  old  and 
young.  This  necessitates  a  pig-tight  pasture  fence.  Of  materials  em- 
ployed for  fence  construction  lumber  is  perhaps  the  best.  However,  it 
is  expensive  in  its  first  cost  and  subsequent  maintenance,  and  its  ten- 
dency to  collect  snow  drifts  makes  it  objectionable.  Wire  fences  are 
cheaper  and  more  durable.  We  have  tried  swine  fences  built  of  thick 
set  barb  wire,  wire  three  inches  apart,  tightly  stretched,  stapled  to 
posts  1 6  feet  apart,  with  stakes  between  posts  four  feet  apart.  It 
would  seem  that  such  a  fence  would  turn  the  pigs,  but  it  did  not. 
The  cuts  and  scratches  caused  by  the  wires  heal  rapidly  on  swine,  and 
the  little  fellows  would  wriggle  through  indifferent  to  the  barbs.  Later 
we  have  used  a  fence  made  of  smooth  wire,  three  different  numbers, 
woven  into  a  close  mesh  fence  by  the  Kitselman  Bros.,  fence  weaving 
machine,  manufactured  in  Ridgeville,  Indiana.  This  machine  weaves 
fences  of  different  patterns,  various  sized  meshes,  and  of  different 
heighths  up  to  52  inches  and  makes  a  neat  strong  substantial  fence,  one 
that  will  turn  any  domestic  animal.  The  Director. 
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LARKSPUR  POISONING  OF  SHEEP. 


DR.   E.  V.  WILCOX. 


For  upwards  of  thirty  years  stockmen  in  this  country  have  com- 
plained of  more  or  less  serious  losses  from  poisonous  plants.     This  has 
been  more  especially  the  case  on  the  large  western  ranges  where  stock 
have  subsisted  almost   entirely  upon  indigenous  plants.     The  reason 
for  this  is  probably  to  be  found  in  the  fact  that  at  some  seasons  of  the 
year  the  native  grasses   and   sedges   are   rather   scant   and  stock  have 
taken  as  food  almost  any  sort  of  green  thing  that  was  to  be  found.    The 
most  serious  losses  have  happened  in  the  spring  of  the  year  when  stock 
are  tempted  to  eat  various  weeds  which  begin  to  grow  before  the  grasses. 
Judging  by  the  reports  made  from  different  parts  of  the  state,  the 
assertion  is  probably  a  well  founded  one  that  the  losses  from  poisonous 
plants  are  greater  than  from   all   other  causes   and   diseases  taken  to- 
gether.    One  has  only  to  visit  the  average  sheep  ranch  to   find  an  ''in- 
valid  band*'  of  considerable  proportions.      These  invalid  bands  are  al- 
most exclusively  made  up  of  sheep  which  are  suffering  from  the  effects 
of  eating  some  poisonous  plant. 

The  most  extensive  losses  from  poisonous  plants  occur  during  the 
months  of  May  and  June,  but  poisoning  of  one  sort  and  another  fre- 
quently occurs  at  other  seasons,  as  late  at  least  as  November.     Losses 
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occur  not  only  when  the  stock  are  feeding  under  normal  conditions  on 
the  range,  but  especially  when  they  are  being  driven  from  one  place  to 
another.  Mr.  M.  D.  Jeffers,  of  Bozeman,  says  that  formerly  he  used 
to  drive  his  sheep  some  distance  for  shearing,  but  that  he  suffered  such 
loss  that  he  finally  had  to  abandon  the  plan. 

Of  the  plants  suspected  as  being  poisonous  by  the  stockmen  we 
may  mention  several.  The  * 'loco-weed'*  is  perhaps  more  generally 
complained  of  than  any  other.  Ranchmen  believe  that  there  are  sev- 
eral species  of  loco-weeds.  They  are  sometimes  called  white,  pink, 
blue,  etc.  Species  of  Oxytropis,  Astragalus  and  even  Lupine  have 
been  pointed  out  to  us  as  loco-weeds.  Lupine,  however,  does  not  have 
effects  similar  to  those  of  Astragalus  and  Oxytropis. 

For  the  past  twenty-five  years  considerable  work,  chemical  and 
experimental,  has  been  done  in  this  country  and  in  Europe  on  the  sub- 
ject of  loco.  Several  State  Experiment  Stations  and  the  Department 
of  Agriculture  at  Washington  have  been  concerned  in  the  work. 
Traces  of  alkaloidal  and  acid  poisons  have  been  detected,  but  experi- 
ments in  feeding  stock  with  the  suspected  plants  have  been  without  re- 
sult. In  the  Transactions  of  the  State  Medical  Association  of  Colorado 
for  1895,  Dr.  Karl  Ruedi  has  published  the  results  of  his  work  on  loco. 
He  isolated  a  poisonous  acid  and  by  experimentation  on  healthy  rab- 
bits he  was  able  to  reproduce  the  symptoms  of  the  disease. 

In  regard  to  the  poisonous  properties  of  larkspur  little  has  been 
done.  In  1889  the  Oregon  Station  took  up  the  matter.  Two  species  ^ 
of  larkspur,  which  were  called  the  blue  and  the  white,  were  fed  to 
healthy  steers.  Larkspur  plants  were  chopped  and  mixed  with 
chopped  grass  and  oats.  No  effect  whatever  was  produced  upon  the 
steers. 

Bulletin  No.  25,  1893,  of  the  Colorado  Station  is  on  the  subject 
•*Loco  and  Larkspur.'*  It  is,  however,  almost  entirely  devoted  to  loco 
and  nothing  is  said  about  larkspur  except  a  quotation  from  the  Oregon 
Station  Bulletin  No.  3,  already  mentioned. 

In  Montana  nearly  all  the  stock-raisers,  with  whom  conversation 
or  correspondence  has  been  had  on  the  subject,  firmly  believe  that 
larkspur  poisons  sheep  and  cattle.  At  the  Farmers'  Institutes  held  in 
various  parts  of  the  State  last  winter,  we  were  frequently  met  with 
complaints  and  questions  concerning  larkspur  poisoning,  and  were  ur- 
gently requested  to  come  to  various  places  in  the  spring   to  investigate 
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the  matter.  In  September,  1896,  Dr.  Traphagen  and  the  writer,  at  the 
request  of  Dr.  Bird,  then  State  Veterinarian,  made  an  investigation 
into  the  cause  of  the  death  of  several  horses  in  Gallatin  valley  where 
some  sort  of  poisoning  was  suspected. 

Although  the  matter  has  been  before  the  attention  of  the  Experi- 
ment Station  ever  since  its  organization,  no  favorable  opportunity  for 
a  careful  study  presented  itself  until  May,  1897.  At  that  time  and  sub- 
sequently by  direct  experiment  we  were  able  to  get  conclusive  evidence 
that  one  species  of  larkspur  may  be  the  cause  of  the  death  of  sheep. 
No  ultimate  chemical  analysis  of  the  species  concerned  has  been  made. 
The  Station  chemist,  Dr.  F.  W.  Traphagen  will,  however,  make  such 
analysis  and  the  results  will  be  reported  at  another  time.  At  least  two 
species  of  larkspur  have  been  carefully  analyzed  and  poisonous  princi- 
ples commonly  known  as  alkaloids  have  been  extracted. 

We  pass  now  to  a  detailed  account  of  the  case  of  larkspur  poison- 
ing mentioned  above. 

On  May  4th  Mr.  John  Work,  of  Bozeman,  informed  me  that  he 
had  just  received  a  telegram  from  Dr.  Tudor,  who  was  then  in  Big  Tim- 
ber, stating  that  the  sheep  on  the  Work-Tudor  ranch  were  dying  rapid- 
ly and  that  more  than  one  hundred  were  already  dead.  I  proceeded  to 
Big  Timber  on  the  following  day  and  there  met  Dr.  Tudor,  and  togeth- 
er we  drove  to  the  ranch,  which  is  located  about  35  miles  northeast  of 
Big  Timber  on  Big  Coulee  Creek. 

Dr.  Tudor  had  conceived  two  possible  explanations  for  the  sudden 
death  of  the  sheep.  One  was  that  the  sheep  might  have  been  malic- 
iously poisoned  by  some  inimical  herder,  with  a  metallic  poison.  The 
other  theory  was  that  the  cause  might  be  an  epidemic  of  a  specific  germ 
disease. 

The  actual  facts  of  the  case  as  learned  from  Dr.  Tudor,  the  fore- 
man, and  the  herder  were  as  follows  :  On  April  30th  a  band  of  about 
^,000  yearling  lambs  were  moved  from  the  place  where  they  had  been 
grazing  to  a  new  locality  about  two  miles  distant.  Several  of  the  sheep 
were  taken  sick  almost  immediately  upon  arriving  at  the  new  feeding 
grounds.  Three  died  within  two  hours  after  their  arrival,  and  the  num- 
ber of  deaths  during  the  whole  day  was  ten.  On  the  following  day 
thirteen  more  died  and  about  500  to  600  showed  signs  of  sickness.  The 
band  was  then  moved  away  from  this  locality  and  during  the  next  day, 
May  2nd,  the  greatest  mortality  occurred,  the  number  of    deaths  being 
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• 
over   fifty.      Twenty-five     died  May    3d,   one    on  May  4th,    two  on 
May  5th,  and  one  on  May  6tK. 

All  of  the  sheep  that  had  been  sick  still  exhibited  some  stiffness 
and  irregularity  of  movement  when  we  arrived  at  the  ranch  on  May 
5th,  but  most  of  them  were  recovering  from  the  attack.  About  a  dozen 
however,  were  in  a  very  bad  condition,  and  one  was  lying  stretched  out 
on  its  side  in  the  last  spasms.  I  took  the  sheep  by  the  leg  and  turned 
it  over,  but  the  shock  seemed  too  severe  for  it  at  this  stage,  for  the  heart 
stopped  beating  immediately  and  the  sheep  died. 

An  autopsy  was  made  at  once,  which  disclosed  the  following  facts : 
One  or  two  larvae  of  the  sheep  bot  were  found  in  the  frontal  sinus.  The 
brain  was  in  a  normal  condition.  It  was  not  congested  and  showed  no 
unusual  exudation  of  blood  serum  in  its  membranes.  The  stomach  and 
intestines  showed  no  abnormal  appearances.  Their  walls  were  neither 
unusually  pale  nor  unusually  ruddy.  The  contents  of  the  stomach 
were  of  the  ordinary  appearance.  No  unusual  amount  of  fermentation 
had  taken  place,  and  not  the  slightest  bloating  was  to  be  discovered 
either  in  the  stomach  or  in  the  intestines.  The  liver  was  neither  en- 
larged nor  congested.  Its  internal  structure  was  unaltered,  and  the 
gall  bladder  was  not  distended.  The  bile  was  of  normal  color.  The 
pancreas  and  spleen  were  also  both  normal.  The  kidneys  and  urinary 
bladder  showed  no  pathological  condition.  The  caul  had  the  ordinary 
aspect,  but  the  mesenteries  of  the  small  intestine  and  colon  were  con- 
siderably reddened  by  accumulation  of  blood  in  the  veins. 

The  right  side  of  the  heart  was  full  of  blood  and  especially  the 
right  auricle  was  distended  almost  to  bursting.  The  left  side  of  the 
heart  and  the  aorta  and  the  arteries  in  general  were  comparatively 
empty. 

The  lungs  were  extremely  heavy,  congested  and  full  of  blood.  The 
blood  in  the  blood  vessels  of  the  lungs  was  very  dark  in  color  and 
showed  that  it  had  not  been  thoroughly  aerated. 

The  only  natural  conclusion  from  the  post  mortem  was  that  the 
animal  had  died  from  asphyxia  or  oxygen  starvation,  as  the  result  of 
some  sedative  poison,  a  poison  which  had  paralyzed  the  respiratory 
centers  of  the  nervous  system  and  had  prevented  the  proper  action  of 
the  lungs  in  the  purification  of  the  blood. 

I  had  occasion  to  make  several  post  mortems  and  the  conditions  in 
all  were  the  same.     The  appearances  in  the  dead  animal  were  so  simi- 
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lar  to  those  in  the  case  of  death  from  overdoses  of  aconite  that  it  seemed 
we  must  look  for  some  poison  similar  to  aconite  as  the  cause  of  pois- 
oning. 

In  the  stomach  contents  were  found  the  stem,  leaves  and  roots  of 
a  species  of  larkspur,  (Delphinium  Menziesii).  These  were  present  in 
considerable  quantities  and  in  niany  cases  the  leaves  were  so  nearly 
complete  that  the  identification  of  the  plant  was  rendered  quite  easy. 

This  done,  the  next  task  was  to  search  for  the  plant  on  the  range. 
It  was  soon  found  that  this  species  of  larkspur  occurred  plentifully  on 
the  range,  and  that  it  had  a  peculiar  and  definite  distribution. 

The  distribution  of  the  plant  may  perhaps  best  be  indicated  by  a 
general  description  of  the  physical  geography  of  the  range.  The  sheep 
were  allowed  to  graze  over  about  40,000  acres  of  land.  A  part  of  this 
tract  is  reserved  for  winter  range.  The  whole  country  is  rolling  and 
hilly  and  exhibits  numerous  shallow  ravines  or  coulees  in  which  are  lo- 
cated small  streams  of  spring  origin.  The  larkspur  was  not  to  be  found 
on  any  of  the  higher  ground,  but  was  strictly  confined  to  the  coulees. 
Along  the  courses  of  the  small  spring  streams  the  larkspur  grew  in  con- 
siderable abundance. 

On  the  day  when  the  poisoning  occurred,  the  sheep  had  followed 
up  one  of  the  spring  streams  and  had  fed  all  day  long  in  the  coulee,  on 
the  second  day  they  had  been  driven  across  a  low  ridge  into  another 
coulee  where  they  again  fed  till  night-fall.  During  the  day  and  night 
the  mortality  was  so  great  that  the  herder  became  frightened  and  on 
the  following  day  he  drove  them  about  two  miles  away  from  the  locality 
where  they  were  poisoned. 

The  sheep  had  thus  for  two  days  fed  almost  exclusively  in  places 
where  the  larkspur  grew  in  abundance.  They  therefore  had  op- 
portunity during  this  time  to  get  larkspur  with  their  food  almost  con- 
tinually. 

At  that  time  of  the  year  the  larkspur  was  from  three  to  six  inches 
high  and  as  a  rule  was  not  in  bloom.  Hundreds  of  specimens,  how- 
ever, were  found  in  flower  and  some  with  well  advanced  seeds.  The 
larkspur  plants  consisted  for  the  most  part  simply  of  radical  leaves. 
The  leaves  are  rather  large,  bright  green  and  very  conspicuous  in  con- 
trast with  the  short  thin  grass  of  that  season  of  the  year.  A  careful 
examination  left  no  doubt  that  they  had  been  eaten. 
Many        of        the      leaves      had      been      bitten      off      leaving    the 
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stems  standing,  in  other  cases  they  had  been  pulled  up.  Fresh 
sheep  tracks  were  abundant  about  the  patches  of  larkspur,  and  it  was 
evident  that  the  leaves  had  been  eaten  off  or   pulled   up  by  the  sheep. 

The  leaves  were,  as  just  said,  bright  green,  as  were  also  the  peti- 
oles or  stems  of  the  leaves  down  to  the  surface  of  the  ground.  Below 
the  surface  of  the  ground  the  leaf-stems  extend  for  about  two  or  three 
inches  as  a  white,  succulent,  root-like  structure.  There  they  are  at- 
tached to  a  large  cluster  of  thickened  fibrous  roots.  The  leaf-stems 
were  easily  detached  from  the  root  cluster  by  a  gentle  pujl,  both  the. 
green  and  the  white  portion  of  the  stem  coming  away  with  the  leaf. 
The  roots  proper  could  rarely  be  pulled  up  with  the  leaves  without 
disturbing  the  soil.  Consequently  the  sheep  had  eaten  only  leaves  and 
leaf-stems  as  a  rule. 

Thus  the  post  mortem  condition  of  the  sheep,  the  finding  of  lark- 
spur in  the  stomachs  of  the  dead  sheep,  and  the  evidence  from  the  field 
work  that  larkspur  had  been  eaten  by  them  seemed  to  indicate  con- 
clusively that  the  larkspur  was  the  cause  of  the  trouble. 

Other  possible  causes  of  death  were  fairly  excluded  by  the  evi- 
dence in  hand.  We  made  an  examination  of  all  the  territory  over 
which  the  sheep  had  grazed  during  the  two  days  mentioned.  There 
was  not  the  slightest  evidence,  either  from  the  post  mortem  or  from 
the  field  of  malicious  metallic  poisoning.  The  sheep  had  been  salted 
and  had  not  eaten  any  alkali  during  the  two  days.  Alkali  poisoning 
was  hence  out  of  the  question.  The  autopsies  disclosed  no  signs  what- 
ever of  any  specific  or  organic  disease.  We  also  made  a  careful  search 
for  any  other  plants  which  might  be  poisonous,  but  did  not  find  any 
such,  plants. 

Besides  the  native  grasses  and  sedges  the  following  plants  were  to 
be  observed  upon  the  range  :  One  species  of  phlox,  or  moss  pink ;one 
species  of  lupine;  one  species  of  oxytropis,  or  loco- weed;  two  species 
of  astragalus,  or  milk- vetch;  several  members  of  the  mustard  family;  a 
violet;  two  species  of  peucedanum  of  the  parsley  family;  a  buttercup; 
the  common  shooting-star;  cinquefoil,  beard-tongue;  wild  onion;  wild 
currant;  wild  rose  and  a  species  of  saxifrage. 

Aside  from  the  fact  that  none  of  these  plants  are  known  to  be  pois- 
onous from  a  chemical  analysis,  their  distribution  did  not  accord  with 
the  facts  of  the  poisoning.  A  species  of  plant  of  the  Hly  family,  how- 
ever, became  the  object  of  some  attention  about  two  weeks  subsequent- 
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to  the  events  narrated  above.  At  this  time  the  herder  moved  the  sheep 
back  to  the  locality  where  they  had  previously  heen  poisoned.  A  more 
serious  poisoning  now  occurred  than  at  the  former  time.  The  whole 
band  of  sheep,  now  numbering  1,900  became  sick  and  about  150  of 
then*  died.  In  the  interval  of  two  weeks  between  the  two  cases  of 
poisoning  a  plant  known  as  Leucocrinum  montanum  had  rapidly  devel- 
oped and  its  fragrant  white  flowers  were  everywhere  to  be  seen  on  the 
higher  ground  of  the  range.  An  investigation  of  the  matter,  however, 
showed  conclusively  that  the  larkspur  was  again  the  cause  of  the  trouble. 
Mr.  John  Work,  an  experienced  and  extensive  stock-raiser,  says  that 
from  conversation  with  his  brother,  who  is  foreman  of  the  ranch,  it 
was  apparent  that  the  sheep  had  again  been  poisoned  with  the  lark- 
spur. The  larkspur  was  older  and  larger  than  before  but  the  sheep 
had  eaten  it  again  and  manifested  exactly  the  same  symptoms  of  pois- 
oning as  previously. 

REMEDIAL  AND  PREVENTIVE  MEASURES  AGAINST 

LARKSPUR   POISONING. 

In  the  first  case  of  poisoning  described  above,  we  experimented 
with  various  remedies  with  various  results,  but  with  considerable  suc- 
cess. A  somewhat  detailed  account  of  these  remedies  will  therefore  be 
in  place  here. 

In  the  first  place  it  is  perhaps  necessary  to  state  that  we  had  noth- 
ing to  guide  us  in  the  way  of  previous  publications  or  work  on  the  sub- 
ject. The  only  thing  which  may  be  said  to  have  furnished  a  hint  in 
our  treatment  of  the  case  was  the  fact  that  the  sheep  showed  symptoms 
very  similar  to  those  of  poisoning  from  over-doses  of  aconite.  As  is 
well  known,  aconite  is  a  powerful  drug,  and  in  large  doses  acts  as  a 
sedative  poison,  or  depressant.  Its  action  is  chiefly  on  the  heart  and 
respiratory  organs.  The  strength  and  frequency  of  the  pulse  are  re- 
duced. Breathing  is  slow  and  deep,  and  the  general  sensibility  of  the 
skin  is  partly  deadened.  The  blood  vessels  of  the  skin  are  relaxed, 
and  as  a  result  of  this  we  get  a  perspiration,  lowering  of  the  temper- 
ature, and  a  general  weakening  of  the  muscular  force. 

The  symptoms  shown  by  sheep  poisoned  by  larkspur  have  a  gen- 
eral resemblance  to  those  of  aconite  poisoning,  but  are  some- 
what different  in  several  particulars.  The  first  signs  of  the  poisoning 
are  a  slight  general  stiffness  and  a  straddling  gait,  especially  of  the  hind 
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legs.  The  stiffness  becomes  more  and  more  pronounced  until  walking 
is  quite  difficult  and  evidently  painful.  Soon  there  are  manifested  various 
involuntary  twitchings  of  the  muscles  of  the  legs  and  sides  of  the  body. 
There  is  a  loss  of  control  or  co-ordination  of  the  muscles.  There  is  or- 
dinarily no  increase  in  the  quantity  of  the  saliva,  no  dribbling  of  saliva 
from  the  mouth,  no  champing  of  the  jaws  or  attempts  at  swallowing. 
The  sheep  manifest  none  of  the  mental,  disturbances  frequently  seen  in 
cases  of  poisoning  from  other  sources,  as  for  example  loco-weed  and 
lupine.  There  is  no  impairment  of  the  special  senses.  The  sheep 
seem  to  hear  and  see  as  well  and  as  correctly  as  under  normal  condi- 
tions of  health. 

No  indications  of  any  disturbances  of  the  digestive  functions  are  to 
be  seen.  The  appetite  remains  good,  and  the  sheep  eat  up  to  the  very 
last.  They  were  observed  eating  industriously  during  the  intervals  be- 
tween the  attacks  of  spasms  which  they  have  during  the  last  stages. 

At  first  the  frequency  of  the  pulse  and  of  the  respiratory  move- 
ments is  lessened  and  the  temperature  is  lowered.  The  pulse  remains 
very  weak,  but  in  the  later  stages  becomes  very  rapid,  in  some  cases 
130  per  minute,  Toward  the  last  also  the  respiration  is  very  shallow 
and  rapid.  During  the  final  convulsions  the  respiration  is  sometimes 
120  per  minute  but  so  shallow  that  the  air  is  simply  pumped  up  and 
down  the  windpipe.  The  air  in  the  lungs  is  therefore  not  renewed  and 
the  animal  dies  by  asphyxia  or  suffocation. 

As  long  as  the  sheep  can  stand  on  his  feet,  or  walk,  he  keeps  up 
with  the  herd  as  nearly  as  possible.  The  exercise,  however,  excites 
him,  makes  his  respiration  more  rapid,  and  he  has  frequently  to  lie 
down  for  a  moment  and  then  get  up  and  hobble  along  after  the  herd. 
The  worst  cases  can  thus  easily  be  detected,  since  they  straggle  behind 
the  rest  of  the  herd. 

The  later  stages  of  the  poisoning  follow  rather  rapidly.  The  in- 
voluntary movements  become  more  frequent  and  more  severe.  All 
four  legs  tremble  and  shake  violently.  In  fact  all  the  muscles  of  the 
body  contract  spasmodically  until  the  animal  totters  over  on  his  side 
and  dies  in  the  most  violent  spasms. 

.  These  symptoms  which  were  very  constant  in  the  several  hundred 
sheep  affected  with  the  poison,  made  it  evident  that  the  larkspur  had 
the  effect  of  arresting  the  heart's  action  and  respiration  and  of  paralyz- 
ing the  spinal  cord.     Stimulants  were  therefore  necessary. 
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The  herder  had  tried  bleeding  the  sheep  but,  of  course,  with  no 
success.  With  an  already  lowered  temperature  bleeding  would  still 
further  reduce  the  temperature  and  weaken  the  animal.  Bleeding  may 
give  relief  in  some  cases  of  poisoning,  but  not  where  larkspur  is  the 
plant  concerned.  Lard  also  had  been  given  internally,  and  no  notice- 
able effect  was  produced  by  it.  Lard  is  especially  useful  where  there 
is  bloating,  and  in  larkspur  poisoning  there  is  no  bloating. 

Where  the  sheep  had  eaten  but  a  small  quantity  of  larkspur,  and 
were  noticed  soon  afterwards,  the  administration  of  ammonia  or  alco- 
hol was  found  to  give  good  results.  One-half  cupful  of  alcohol  in 
water  or  one  tablespoonful  of  ammonia  in  a  cup  of  water  was  given  as 
dose.  We  tried  also  in  the  earlier  stages  «'XXX"  liniment  internally 
in  doses  of  a  teaspoonful.  It  seemed  not  to  have  much  value  for  this 
purpose. 

In  the  later  stages,  neither  alcohol,  nor  ammonia,  nor  ''XXX'' lin- 
iment, when  given  internally,  appeared  to  have  the  slightest  effect.  In 
fact  during  the  last  violent  stages,  the  giving  of  any  medicine  by  way 
of  the  mouth  seemed  useless  and  even  dangerous,  for  the  sheep  were 
unable  to  swallow  and  choked  to  death.  During  the  first  stages  three 
drachms  of  ether  given  by  the  mouth  had  a  godd  effect,  and  in  the 
later  stages  3^  drachm  of  ether  given  hypodermically  stimulated  the 
heart's  action  and  respiration.  Squibb's  ether  was  used  in  both 
methods. 

The  most  effective  remedy  which  was  tried,  however,  was  a  hypo- 
dermic injection  of  atropine  sulphate.  A  solution  was  prepared  in  cam- 
phor water  in  the  proportion  of  four  grains  of  atropine  to  one  fluid 
ounce  of  camphor  water.  Several  sheep  were  treated  by  this  method, 
and  all  but  one  so  treated  recovered.  Doses  of  three  different  sizes 
were  administered  :  yi,  }(  and  J^  of  a  grain  of  atropine  sulphate.  This 
was  in  solution  in  camphor  water  as  just  described,  so  that  in  order  to 
give  the  atropine  in  the  quantities  mentioned,  it  was  necessary  to  use 
40,  30  and  20  minims  respectively  of  the  solution. 

Atropine  as  a  direct  stimulant  of  the  heart's  action  and  respiration  is 
perhaps  the  most  powerful  drug  known  to  medical  science.  When  used  hy- 
podermically its  effects  are  much  more  immediate  than  when  taken  into 
the  stomach,  and  consequently  the  doses  should  be  smaller.  One-third 
of  a  grain  is  a  large  dose  for  an  animal  of  the  size  of  a  sheep.  In  fact 
^0  of  a  grain  is  quite  sufficient  in  the  earlier  stages  of  the  poisoning. 
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But  the  sheep  to  which  these  large  doses  were  given  were  in  the  very  ago- 
nies of  d6ath.  Nothing  pould  be  given  them  by  the  mouth  for  the  simple 
reason  that  the  sheep  could  not  swallow.  They  were  lying  on  their 
sides  and  their  whole  bodies  were  in  spasms.  The  respiratory  move- 
ments were  extremely  rapid  but  so  weak  and  shallow  that  the  sheep 
were  getting  no  pure  air  into  the  lungs. 

The  atropine  solution  was  injected  under  the  skin  in  the  region  of 
the  shoulder.  The  effect  of  the  atropine  was  shown  almost  immediate- 
ly. The  pulse  at  once  became  stronger,  the  animal  drew  a  few  deep 
breaths  and  then  began  to  pant  noisily.  One  minute  after  the  atropine 
was  administered  the  sheep  was  lifted  upon  his  feet  when  he  at  once 
ran  away  panting  loudly.  The  breathing  soon  became  easier,  the  in- 
voluntary muscular  movements  ceased,  and  within  five  minutes  time 
the  sheep  was  lying  down  in  a  natural  position  and  was  almost  as  quiet 
as  in  health. 

All  sheep,  with  one  exception,  which  received  this  treatment,  re- 
acted in  the  same  way  and  recovered.  This  one  exception  was  an  in- 
teresting case.  The  sheep  had  already  passed  through  its  last  violent 
spasms,  breathing  had  nearly  ceased,  and  the  pulse  was  so  weak  as  to 
be  almost  imperceptible.  Atropine  (J^  grain)  was  given  as  in  the 
other  cases.  The  patient  began  to  breathe  deeply  and  loudly,  When 
placed  upon  his  feet  he  ran  several  rods  and  fell  again.  The  pulse 
and  breathing  soon  became  very  irregular  and  intermittent  and  at  last 
breathing  actually  ceased.  About  one  teaspoonful  of  ammonia  was  at 
once  dashed  into  each  nostril  and  the  sheep  was  vigorously  shaken. 
The  fumes  of  the  ammonia  reached  the  lungs  and  caused  the  sheep  to 
gasp.  Breathing  was  restored.  The  sheep  got  up  and  walked  away  to 
a  distance  of  lOo  yards.  After  a  few  minutes  his  breathing  seemed  to 
be  growing  weaker  and  we  attempted  to  give  him  ammonia  in  water  by 
the  mouth.  He  could  not  swallow,  however,  and  as  a  consequence 
strangled  and  died. 

In  this  particular  sheep  the  inability  to  swallow  may  have  been  in 
part  the  effect  of  the  atropine.  In  large  doses  atropine  paralyzes  the 
muscles  of  the  gullet.  But  sheep  which  had  not  been  given  atropine 
had  a  similar  difficulty  in  swallowing. 

In  our  experience  we  found  atropine  to  be  the  most  prompt  and 
satisfactory  remedy,  and  we  would  therefore  recommend  the  use  of  this 
drug  whenever  it  can  be  had  conveniently.     Great  precaution  should  be 
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exercised  in  its  use,  since  it  is  a  powerful  medicine.  One  should  always 
know  exactly  how  much  he  is  administering.  It  is  only  in  small  doses 
that  atropine  has  the  desired  stimulating  effect.  In  large  doses  it  has 
the  opposite  effect.  We  would  recommend  giving  J^  to  ^  grain 
in  the  later  convulsive  stages  and  in  the  earlier  stages  or  in  mild  cases 
A  *^  i\  of  ^  grain.  These  doses  are  for  sheep.  For  cattle  we  would 
use  four  or  five  times  as  much,  about  one  grain  of  atropine,  depending 
somewhat  on  the  size  of  the  animal  and  the  severity  of   the  poisoning. 

In  the  later  convulsive  stages  ammonia  fumes  in  the  nostrils  act 
promptly  and  powerfully.     Breathing  is  stimulated  and  deepened. 

If  given  soon  after  the  sheep  have  eaten  the  larkspur  ammonia  and 
alcohol  are  useful  stimulants.     They  may  be  given   together  in  water. 

Ether  in  small  doses  (2  to  3  drachms  in  water)  has  also  a  beneficial 
effect. 

It  is  well  to  remember  that  alcohol,  ammonia,  ether  and  atropine 
stimulate  the  heart's  action  and  respiration  only  when  given  in  moder- 
ate doses.  In  large  doses  they  all  have  the  opposite  effect,  or  act  as 
paralyzers  and  depressants. 

Care  in  the  management  of  sheep  after  they  are  poisoned  is  quite 
as  important  as  the  giving  of  medicines.  Sheep  poisoned  with  larkspur 
should  be  kept  as  quiet  as  possible.  A  trifling  fright  or  excitement 
may  throw  them  into  spasms,  and  thus  result  fatally.  From  the  very 
first,  the  poisoned  sheep  have  considerable  difficulty  in  keeping  up  with 
the  rest  of  the  herd.  They  have  a  stiff  and  trembling  gait.  It  becomes 
necessary  for  them  frequently  to  stop  for  a  moment  to  rest.  In  this 
way  they  repeatedly  fall  behind  the  herd  and  then  run  to  overtake  it 
again.  Thus  their  excitement  is  constantly  increased  until  they  fall 
down  in  spasms. 

As  soon  as  the  stiffness  and  straddling  gait,  which  are  the  first 
symptoms  of  larkspur  poisoning,  are  noticed,  one  or  the  other  of  two 
methods  of  procedure  should  be  adopted.  Either  the  whole  band  of 
sheep  should  be  herded  closely  and  prevented  from  moving  as  fast  as  it 
usually  moves,  or  which  is  perhaps  still  better  the  poisoned  sheep 
should  be  separated  from  the  others  and  kept  as  quiet  as  may  be. 

From  observation  of  the  action  of  sheep  under  the  influence  of 
larkspur  poisoning,  nothing  could  be  more  apparent  than  the  advis- 
ability of  keeping  the  sheep  as  quiet  as  possible.  About  five  o'clock  in 
the  afternoon,  the  herder  began  to  urge  the  sheep  along  toward  the 
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corral.  Many  of  the  sheep  still  showed  some  stiffness  in  the  hind  legs. 
It  was  five  days  after  the  poisoning  had  occurred  and  it  looked  as  if  all 
the  sheep,  which  were  to  die  from  the  effects  of  the  larkspur,  had  died. 
The  herder  made  the  band  move  a  trifle  faster  than  usual  for  about  one 
half-hour.  Many  of  them  rapidly  became  worse  during  that  short  time, 
and  some  of  them  had  to  be  taken  into  a  wagon  and  hauled  tc  the  cor- 
ral. When  we  reached  the  corral  they  were  in  their  last  spasms  and 
could  not  get  upon  their  feet  until  treated  with  atropine  as  described 
above. 

Not  only  is  too  much  exercise  dangerous,  but  any  fright  is  apt  to 
prove  fatal.  The  heart's  action  is  so  weakened  by  the  larkspur  that 
at  any  sudden  fright  the  heart  stops  beating  altogether,  and  the  sheep 
dies  without  a  struggle.  These  observations  should  indicate  to  any 
stock-raiser  the  care  which  is  necessary  in  a  case  of  larkspur  poison- 
ing. 

There  can  be  no  doubt  that  even  in  serious  poisoning,  not  all  of  the 
sheep  which  have  eaten  larkspur  die.  The  mortality  is  increased  by 
driving  the  sheep  too  rapidly  or  by  worrying  them  by  dogs  or  other- 
wise. Careful  management  will  bring  a  large  proportion  safely  to  re- 
covery, and  will  prevent  the  development  of  the  worst  symptoms  in 
sheep  which  have  not  eaten  any  large  quantity  of  the  larkspur. 

In  larkspur  poisoning  as  in  other  cases,  prevention  is  better  than 
cure,  and  in  order  to  keep  the  sheep  from  being  poisoned  it  is  neces- 
sary for  the  herder  to  know  larkspur  at  sight  in  all  its  stages.  He 
should  be  able  to  recognize  the  first  leaves  which  come  up  in  the  spring 
as  well  as  the  complete  plant  in  bloom. 

In  Montana,  so  far  as  we  are  aware,  there  are  but  two  species  of 
larkspur  which  are  common.  Larkspur  belongs  to  the  genus  of  plants 
known  as  Delphinium,  and  botanists  distinguish  the  two  species  by  the 
names.  Delphinium  MenziesiiD.  C,  and  Delphinium  glaucumNuttall. 
Larkspur  belongs  the  the  Crowfoot  family,  which  includes  such  well- 
known  plants  as  clematis,  buttercup,  anemone,  columbine  and  aconite. 
Most  of  the  'plants  of  this  family  have  an  acrid  juice  and  at  least  the 
larkspur  and  aconite  possess  poisonous  principles  or  alkaloids. 

The  following  definitions  will,  we  hope,  serve  to  enable  anyone  to 
identify  the  two  species  of  larkspur  which  we  know  to  be  common  in 
the  state. 

Delphinium  Menziesii  is  the  smaller  of  the  two  species.      It  or* 
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dinarily  attains  a  height  of  from  six  to  eighteen  inches.  The  plant  is 
smooth  at  its  base,  but  is  usually  hairy  above  and  upon  the  flowers. 
The  leaves  are  five-parted  in  a  palmate  manner,  and  the  parts  are  again 
cleft  two  or  three  times.  The  ultimate  divisions  of  the  leaf  are  rather 
narrow.  The  flowers  are  of  a  rich  purple  color  or  dark  blue,  about  one 
inch  across  when  fully  expanded.  Each  flower  has  a  backward  pro- 
jecting spur  about  one  inch  in  length.  The  outer  row  of  flower  parts 
are  five  in  number  and  the  upper  one  is  prolonged  backwards  into  the 
just  mentioned  spur.  The  inner  row  of  floral  parts  or  petals  are  four  in 
number,  arranged  in  two  pairs.  The  upper  pair  is  light  blue  with 
darker  streaks.  All  four  petals  are  small  as  compared  with  the  outer 
row  of  floral  parts. 

Perhaps  the  only  plant  whose  leaves  resemble  those  of  the  lark- 
spur and  which  is  in  condition  to  be  mistaken  for  larkspur  in  the  early 
spring  is  lupine.  |ts  leaves  shoot  up  in  clusters  mu<ch  in  the  same  way 
as  do  those  of  larkspur,  but  the  leaf  of  the  lupine  is  divided  into  seven 
to  eleven  simple  unbranched  parts. 

This  species  of  larkspur  is  pretty  generally  distributed  over  the 
state.  We  have  seen  specimens  from  the  following  counties :  Flat- 
head, Teton,  Missoula,  Ravalli,  Deer  Lodge,  Lewis  and  Clarke,  Jeffer- 
son, Madison,  Gallatin,  Meagher,  Park,  Sweetgrass,  Yellowstone  and 
Carbon.  It  occurs  at  all  elevations.  We  have  found  it  from  the  low- 
est valleys  up  to  a  height  of  10,500  feet. 

The  other  common  species  of  larkspur  in  Montana  is  known  to 
botanists  as  Delphinium  glaucumNuttall.  In  some  localities  cattle-raisers 
call  it  '^aconite.''  But  the  pure  aconite,  so  far  as  our  observation  ex- 
tends, is  found  only  high  up  in  Gallatin  county  in  the  vicinity  of  the 
Park,  and  inside  of  the  Park.  We  received  specimens  of  supposed 
aconite  from  Big  Timber,  but  they  proved  to  be  Delphinium  glaucum. 
This  species  of  larkspur  often  reaches  a  height  of  six  feet.  The  ordi- 
nary specimens  are  from  three  to  five  feet  high.  The  stem  is  leafy  and 
considerably  branched.  The  leaves  are  nearly  circular  in  outline,  but 
are  palmately  divided  into  3  to  5  divisions  which  are  wedge-shaped. 
The  primary  divisions  are  two  to  three  times  cleft  and  finally  these  sec- 
ondary divisions  are  themselves  deeply  toothed.  The  uppermost  leaves 
are  much  smaller  with  narrower  divisions.  The  flowers  are  built  on  ex- 
actly the  same  plan  as  are  those  of  the  other  species  of  larkspur.  They 
are  much  smaller  and  usually  of  a  lighter  color.     The  color  varies  from 
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dark  blue  to  almost  white,  but  is  usually  light  blue.  The  flowers  are 
more  crowded  in  a  close,  compact  raceme,  and  the  flowering  pedicels 
are  short.  The  pods,  when  ripe,  are  nearly  erect  and  are  hairy,  as  are 
also  all  other  parts  of  the  plant. 

We  have  found  this  plant  distributed  from  the  lower  altitudes  up 
to  a  height  of  9,000  feet.  It  has  a  range  similar  to  that  of  the  smaller 
species,  and  is  usually  very  abundant  in  the  localities  where  it  occurs. 

Besides  the  two  species  already  mentioned  we  should  perhaps  re- 
fer to  two  other  species  of  larkspur  found  in  Montana.  Dr.  P.  A. 
Rydberg,  of  Columbia  University,  informs  me  that  he  has  collectep 
specimens  of  Delphinium  scopulorum  Gray  at  Lima  and  on  Electric 
Peak.  This  species  differs  from  D.  glaucum  in  its  more  finely  divided 
leaves,  its  smaller  size  and  brighter  green  colors.  It  is  too  rare  in  the 
state  to  be  of  much  economic  importance. 

Nuttall  has  described  a  species  under  the  name  of  J)icolor.  In  prac- 
tice, however,  it  is  about  impossible  to  distinguish  it  from  D.  Menziesii 
and  I  believe  that  these  two  supposed  species  belong  together  as  one 
species. 

It  will  be  unnecessary  for  me  to  give  a  description  of  aconite  since, 
as  far  as  my  knowledge  goes,  it  has  not  been  found  in  Montana  except 
near  the  edge  of  the  Park.  Several  stock-raisers  have  reported  to  me 
cases  of  deaths  from  aconite  poisoning  but  on  investigation  the  plant 
was  found  to  be  in  every  case  the  tall  larkspur  or  Delphinium  glaucum, 
which  is  frequently  called  aconite  by  ranchers.  Aconite  and  lark- 
spur are  two  distinct  genera  of  plants  and  are  easily  distinguished  the 
one  from  the  other. 

Although  the  conclusions  drawn  from  our  field  work  and  post- 
mortem examinations  were  considered  well  founded,  we  decided  to  test 
the  matter  further  by  a  direct  experiment.  From  pulverized  dried 
plants  of  larkspur  (Delphinium  Menziesii)  extracts  were  made  in  water, 
alcohol,  chloroform  and  benzole.  The  alcoholic  extract  was  spoiled 
by  heating  too  highly  while  distilling  off  the  alcohol.  The  extracts  in 
chloroform  and  benzole  on  the  other  hand  were  quite  successful.  The 
ordinary  chemical  tests  applied  to  these  extracts  showed  the  presence 
of  alkaloids  No  attempt  was  made  to  determine  just  what  alkaloids 
were  extracted.  As  said  above  that  will  be  done  in  the  near  future. 
At  this  time  we  simply  wished  to  get  an  extract  which  would  as  far  as 
possible  contain  all  the  active  principles  of  the  plant. 
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Mr.  Jas.  Vestal,  of  Big  Timber,  kindly  offered  us  sheep  to  experiment 
upon  and  on  Nov.  6,  1897,  we  went  to  the  ranch  of  which  Mr.  Vestal  is 
manager.  Three  yearling  lambs  were  selected  for  experimentation. 
The  first  lamb  was  given  the  chloroform  extract  of  larkspur.  Twenty- 
live  grammes  of  the  dried  plants  had  been  pulverized  and  then  steeped 
at  a  low  temperature  in  chloroform  for  one-half  hour.  The  extract 
was  poured  off  and  slowly  evaporated  to  dryness  and  then  dissolved  in 
one  ounce  of  water.  This  was  given  to  the  first  lamb  by  the  mouth. 
After  thirty  minutes  the  lamb  showed  signs  of  stiffness,  and  at  the  end 
of  two  hours  the  lamb  died  with  convulsions  and  other  symptoms  just 
such  as  we  saw  in  the  Work-Tudor  sheep.  A  post  mortem  examina- 
tion made  immediately  after  death  disclosed  also  the  same  conditions 
as  those  recorded  above. 

The  second  and  third  lambs  were  given  larkspur  extracts  hypoder- 
mically.  The  second  was  given  one  drachm  of  the  chloroform  extract 
made  as  just  described.  The  third  was  given  one  drachm  of  a  benzole 
extract  of  larkspur  made  in  the  same  way  as  was  the  chloroform  extract. 
After  fifteen  minutes  both  lambs  began  to  show  symptoms  of  larkspur 
poisoning  and  at  the  end  of  one  hour  the  symptoms  were  so  plain  and 
pronounced  that  it  was  considered  useless  to  sacrifice  the  lambs  to  the 
experiment.  Both  were  therefore  given  one-eighth  of  a  grain  of  atrop- 
ine, which  with  the  aid  of  a  small  dash  of  ammonia  in  the  nostrils 
counteracted  the  effects  of  the  poison  and  the  lambs  recovered  com- 
pletely. 

These  experiments  are  quite  in  accord  with  the  conclusions  reached 
in  the  field  work,  and  furnish  another  strong  piece  of  evidence  to  the 
correctness  of  those  conclusions,  not  only  as  to  the  cause  of  the  poison- 
ing but  as  to  remedies  to  be  used. 

Plate  I  is  from  an  India  ink  drawing  by  Mrs.  F.  E.  Marshall,  of  the 
Agricultural  College. 

Plates  11  and  iii  are   from  photographs  by  Dr.  F.   W.  Traphagen, 
Chemist  of  the  Experiment  Station. 
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LETTER   OF  TRANSniTTAL. 

BozEMAN,    Montana,   February  i,  1898. 
ency,  Robert  B.  Smith;  Governor  of  Montana  -■ 
: — I  have   the  honor   to   transmit   to  you   herewith   the 
il  Report  of  the   Montana   Agricultural   Experiment  Sta- 
Respect  fully, 

S.   M.  Eherv,  Director. 

EXECUTIVE  BOARD. 

iLi.soN,  President Bozeman, 

Secretary  and  Treasurer Bozeman, 

EL,  Jr.,  Vice-President .Manhattan 

•£K Bozeman 

1 .,,.,..  Bozeman 

EXPERIMENT  STATION  STAFF. 

Director  and  Horticulturist. 

ACEN,  Ph.  D.,  F.  C.  S.. Chemist. 

,  M.  S Agriculturist. 

t,  Ph.  D Biologist. 

Borrows Farm  Foreman. 

ffice   and  Freight  Station,  Bozeman. 

imunications  for  the  Experiment  Station  should  be   ad- 

;  Director. 

Montana  Experiment  Station, 

Bozeman,  Mont. 

B — The  bulletins  of  the  Station  will  be  mailed  free  to  any 
itana  who  sends  his  name  and  address  to  the  Station  for 


[Report  of  the  Treasurer  of  the  B^^rd, 


The  Montana  Expgritnent  Station^  in  Account   With   The  United  States 
Appropriation^  i8g6-gy. 


To  Receipts  from  the  Treasurer  of  the  United  States  as   per  appro- 
priation for  fiscal  year  ending  June  80th,  1800,  as  per  Act  of  Con- 

fi^ress,  approved  March  2,  1887 $15,000.00 

To  Sales  Farm  Produce 1,946.17 

To  State  of  Montana 10.057.15 

Total $27,003.82 


By  Salaries  $  6,872.58 

Labor 3.040.71 

Publications 561,00 

Postage,  Stationery 189.44 

Freight  and  Express 846.47 

Heat,  Light  and  Waler 278.83 

Cbenaical  Snpplies 180.00 

Seeds,  Plants  and  Sundries 415.6^ 

Fertilizers 20.00 

Feeding  Stuffs 44.85 

Library 180.27 

Tools,  Implements  and  Machinery. .   584.86 

Furniture  and  Fixtures 889.02 

Scientific  Apparatus 372.45 

Live  Stock 454 .70 

Trayeling  Expenses 76.80 

Contingent  Expenses 10.00 

Buildings  and  Repairs 11.502.95 

Balance 988.27 

Total $27,008.32 

By  Balance  Farm  Produce  Acct 983.27 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation 
do  hereby  certify,  that  we  have  examined  the  books  and  accounts  of 
the  Experiment  Station  of  the  Agricultural  College  of  Montana,  for  the 
fiscal  year  ending  June  30,  1897,  that  we  have  found  the  same  were  kept 
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and  classified  as  abovt,  and  that  the  receipts  for  the  year  from  the 
Treasurer  of  the  United  States,  are  shown  to  have  been  215,000.00; 
from  the  Treasurer  of  Montana  810,057,15,  and  from  sales  of  farm 
produce  ^1946. 17,  and  the  disbursements  826020.05.  For  all  of  which 
proper  vouchers  are  on  file  and  have  been  by  us  examined  and  found 
correct,  thus  leaving  a  balance  of  $983. 27,  from  farm  sales  account. 
We  farther  certify  that  the  expenditures  have  been  solely  for  the  pur- 
poses set  forth  in  the  act  of  Congress  approved  March  3,  1887. 

Signed,  Peter  Koch, 

Attest: — Peter  Koch,  Walter  Cooper, 

Custodian.  Ceurce  Kinkel,  Jr. 

Auditors. 
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Bulletin  No.  16.  — ^■•-s^ — -^  February,  1898. 

Annual  Report  of  the  Director  for  the  Fiscal 
Year  Ending  June  30th,  1897. 


STATION  STAFF. 

E.  V.  Wilcox,  Ph.  D.,  was  elected  and  began  his  official  duties  as 
Experiment  Station  Biologist  in  September,  1896. 

Frank  Beach,  M.  S.,  was  elected  and  began  his  duties  as  Experi- 
ment Station  Agriculturist  and  Irrigation  Engineer,  July  1896. 

W.  L,  Williams,  Veterinarian,  resigned  September  1896. 

EXPERIMENT  STATION  IMPROVEMENTS. 

From  the  Montana  State  appropriation  of  J 100, 000  (one  hundred 
thousand  dollars)  there  was'set  apart  and  expended  by  the  Executive 
board  the  sum  of  $10,057.15  (ten  thousand  fifty-seven  and  fifteen  one 
hundredth  dollars)    in    the  erection    of  a   chemical  laboratory,    used 

a 

jointly  by  the  Experiment  Station  and  the  College  of  Agriculture. 
Many  competent  authorities  who  have  inspected  this  structure,  pro- 
nounce it,  and  its  modern  equipment,  as  being  among  the  very  best 
for  its  purposes  in  the  United  States. 

A  detailed  description,  together  with  ground  plans  and  views, 
appear  elsewhere  in  this  report,  under  the  report  for  the  chemical 
department  of  the  Station. 

FARH   IMPROVEHENTS. 

Restricted  as  is  the  Station  to  funds  arising  from  the  sale  of  farm 
products,  for  farm  improvements,  the  greatest  care  is  necessitated  in 
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expending  this  fund.  During  this  fiscal  year  a  hay  barn  25x50  feet, 
16  feet  high  has  been  put  up  in  the  cetiter  of  the  farm,  this  is  utilized 
in  storing  clover  hay. 

The  Gallatin  Vallej'  is  well  adapted  to  growing  this  legume,'  and 
under  the  present  management  much  will  be  made  of  this  crop.  It  is 
not  well  to  stack  this  in  open  field,  as  from  its  character  it  is  easily  in- 
jured by  the  rains  of  fall  and  spring.  It  was  thought  wise  to  locate 
the  barn  in  the  geographical  center  of  the  farm,  so  as  to  give  a  short 
haul  from  the  different  fields.  It  is  expected  to  use  this  crop  on  all 
lands  in  turn,  as  a  rotation  crop,  hence,  the  importance  of  its  central 
location. 

The  structure  is  made  of  peeled  round  pine  and  fir  logs,  and  'the 

only  manufactured  lumber  therein  is  the  rough  board  sheeting  used  for 

roof  boards,  the  wall  plates  and  the  cedar  shingles  with  which  it  is 

covered,     Using  such  material,  it  is  possible  for  the  Montana  farmer, 

who  is  conveniently  located   to  the  mountains,    to  secure  important 

buildings  at  a  comparatively  small  outlay  for  material. 

Diversified  farming  can  never  be  exploited  to  advantage  in  Montana 
in  the  absence  of  suitable  farm  structures,  and  it  is  believed  that  in 

this   way  many  can  secure  these   much  needed   improvements,  who 

would  otherwise  not  be  able  to  build. 

315  rods  of  Kitselman  woven  wire  fence  have  been  built.  •  The 
extreme  height  of  this  fence  is  52  inches,  but  in  pastures  intended  for 
sheep  it  has  been  thought  wise  to  set  posts  8  feet  apart  and  63  inches 
high,  and  to  stretch  above  the  woven  fence,  two  strands  of  thick  set 
barbed  wire,  thus  making  it  impossible  for  dogs  or  wolves  to  jump  into 
the  enclosure. 

Sheep  feeding  corrals  have  been  constructed  with  fences  of  the 
same  material  and  height.  We  now  have  fair  facilities  for  conducting 
sheep  and  swine  feeding  experiments. 

100,  2  year  old  wethers  were  fed  in  these  sheep  pens  at  a  small 
profit  the  past  winter.  It  was  not  thought  best  to  bulletin  the  results, 
but  to  repeat  the  experiment  under  more  careful  management. 

Among  other  buildings  inherited  by  the  Station  from  Gallatin 
County,  was  a  single  story  frame  building  23x45  feet,  when  constructed 
in  1890,  this  was  set  upon  the  ground,  and  sills  and  joists  were  found 
to  be  badly  decayed  in  1896.  At  an  expense  of  $96,  this  was  moved  100' 
feet,  raised  7  feet,  set  upon  6  inch  square  pine  posts,  (these  resting  upon 
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flat  stones)  and  the  story  thus  formed,  was  enclosed  with  peeled  pine 
logs.  This  has  been  sub-divided  into  9  pens  for  swine,  the  partitions 
also  being  of  logs.  We  have  thus  secured  a  swine  house  adequate  to 
present  needs  at  a  low  cost. 

A  smoke  house  16x16x12  feet  has  also  been  constructed  of  logs, 
(at  a  cost  of  lioo).  .Farmers  who  are  raising  pork,  find  such  a  structure 
a  great  convenience,  not  only  for  curing  and  smoking  meats  required 
for  home  consumption,  but  if,  in  case  the  market  for  live  or  dressed 
pork  is  not  satisfactory,  they  can  easily  convert  the  same  into  bacon, 
and  smoked  ham  and  shoulders,  and  hold  these  until  the  market  is  pro- 
pitious for  a  sale. 

PLAT  QRAIN5. 

There  was  the  usual  number  of  small  plats  to  grains  and  root  crops. 

This  is  a  work  that  must  cover  a  long  series  of  years  to  arrive  at 
valuable  results.  Eventually  it  is  expected  that  safe,  reliable  infor- 
mation will  be  gained  as  to  the  performance  of  the  different  varieties  of 
these  crops,  and  selections  made  for  more  extended  production  of  the 
best  in  order  that  the  Montana  farmer,  who  desires  to  co-operate  with 
the  Experiment  Station,  can  be  supplied  with  pure  seed  of  desirable 
sorts,  sufficient  in  quantity  to  start  him  in  securing  a  reliable  desirable 
^eed  supply. 

The  mountain  states,  with  their  extensively  dry  atmosphere,  de- 
mand pure  unmixed  seed,  seed  grain  that  will  mature  evenly,  other- 
wise the  loss  from  irregular  ripening  and  shelling  of  grain  will  be 
great.  It  is  to-day  practically  impossible  to  procure  in  quantity  pure 
unmixed  seed  grain.  We  must,  therefore,  depend  largely  upon  our 
own  resources  in  securing  pure  seed,  adapted  to  our  wants. 

ROTATION  TESTS. 

Conditions  in  this  agriculturally  young  state  vary  greatly  from 
those  where  agriculture  has  been  a  leading  industry  for  from  50  to  200 
years;  not  only  from  the  principal  fact  that  farm  operations  are  here  of 
comparatively  recent  inauguration,  but  from  the  many  complex  propo- 
sitions arising  from  the  physical  peculiarities  of  soil,  and  the  general 
use  of  water  for  irrigation  in  cropping.  There  is  a  marked  tendency 
each  season  to  increase  the  area  to  farm  crops,  and  to  lessen  the 
amount  of  fallow  land. 

Farmers  are  rapidly  learning  that  unproductive  land  is  expensive 
land,  and  that  it  requires  one  good  farm  to  maintain  another  in  idle- 
ness.      Constant   grain    occupancy   is   as   criminally    wasteful    as    is 
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summer  fallowing,  and  to  determine  suitable  crops  to  succeed  each 
other  is  proper  experiment  work.  Much  of  this  kind  of  work  has  been 
done  at  older  stations,  but  usually  the  small  plat  system  has  been  em- 
ployed. In  this  the  constant  tendency  is  to  resort  to  more  intensive 
methods  than  are  practicable  or  profitable  upon  the  farm,  with  mis- 
leading results.  To  avoid  this  difficulty  a  six  years*  rotation  test  was 
inaugurated  in  the  spring  of  1897  as  follows  : 

Six  representative  acres  were  selected,  lying  side  by  side  in  a 
prominent  part  of  the  Station  farm.  These  were  accurately  measured 
and  fitted  for  crops  in  a  good  and  workmanlike  manner.  Beginning 
iipon  the  east  side  of  the  tract  was  sown  i  acre  of  Canada  field  peas. 
Next  an  acre  to  two  rowed  barley.  Next  an  acre  to  sugar  beets.  Next 
an  acre  to  oats.  Next  an  acre  to  medium  red  clover.  Next  an  acre  to 
spring  club  wheat. 

This  land  received  a  light  top  dressing  of  barnyard  manure  in  1896, 
and  the  bulk  of  it  had  produced  a  crop  of  hard  fife  wheat  the  same 
year  averaging  about  20  bushels  per  acre.  It  is  proposed  to  shift  these 
crops  each  year  one  space  so  that  at  the  end  of  the  rotation  test  the  same 
crops  will  occupy  the  same  positions  that  they  did  in  the  beginning  of 
the  experiment. 

No  manure  or  fertilizer  will  be  used  during  the  life  of  the  experi- 
ment. If,  as  we  expect  it  will,  it  develops  at  the  end  of  the  6th  year 
test,  that  the  annual  yields  have  been  as  good  or  a  little  better,  each 
year  than  it  was  the  previous  season,  it  will  have  been  fairly  well 
demonstrated;  first,  that  the  rotation  as  planned  was  a  wise  one; 
second,  that  it  is  folly  to  have  lands  lying  idle  if  they  can  be  made  to 
yield  profitable  continuous  crops. 

General  intelligent  crop  rotation  will  change,  in  toto,  two  systems; 
first,  that  of  summer  fallow;  second,  that  of  exclusive  small  grain 
farming. 

It  is  obviously  out  of  the  question  to  find  a  foreign  (off  the  farm) 
market  for  crops  such  as  clover,  field  peas  and  root  crops.  If  the 
farmer  uses  them  in  rotation  he  must  of  necessity  convert  them  into 
more  concentrated  products,  such  as  pork,  beef,  mutton,  poultry  or 
dairy  products. 

It  may  not  be  wisdom  to  grow  the  sugar  beet  as  a  rotation  crop, 
certainly  not  in  advance  of  factories  in  which  they  can  be  converted 
into  sugar,  but  there  are  other  root  crops  that  are  profitable  either  on 
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or  off  the  farm,  with  the  live  stock  attachment,  which  must  comple- 
ment small  grain  in  diversified  farming.  We  shall  be  greatly  disap- 
pointed if  close  attention  is  not  paid  to  the  result  of  these  rotation  tests 
by  Montana  farmers. 

STATION  FARn  CROPS. 

Taking  the  position,  upon  the  question  of  summer  following, 
that  the  Station  does,  namely  :  that  it  is  not  a  profitable  procedure, 
comparisons  have  been  made  from  year  to  year  between  the  Station 
crops  and  those  of  Gallatin  county. 

The  following  are  the  averages  of  the  Station  farm  crops  for  1896  : 

Barley,  54  bushels  per  acre. 

Oats,  43  bushels  per  acre. 

Spring  wheat,  26  bushels  per  acre. 

Field  peas,  33.6  bushels  per  acre. 

The  following  are  the  1896  averages  for  Gallatin  county  : 

Barley,  47.5  bushels  per  acre. 

Oats,  54.8  bushels  per  acre. 

Spring  wheat,  34. 2  bushels  per  acre. 

Field  peas,  19.2  bushels  per  acre. 

In  instituting  this,  a  comparison  between  Station  farm  yields  and 
those  of  Gallatin  county  those  who  are  acquainted  with  the  Station 
farm  know  that  it  is  not  a  fair  average  of  Gallatin  county  lands;  also 
that  the  crops  which  have  made  Gallatin  county  famous  have  been 
produced  on  summer  fallow  lands. 

We  are  convinced  that  for  a  certain  period  heavier  yields  can  be 
produced  under  good  summer  fallow  farming  than  in  continuous  crop- 
ping, but  not  enough  better  to  warrant  pursuing  this  system  which 
compels  the  use  of  from  fifty  (50)  to  one  hundred  (100)  per  cent,  more 
land  to  secure  the  same  results,  than  would  result  if  a  good  rotation  of 
crops  was  adopted.  Then,  too,  it  is  undeniably  true  that  lands  which 
He  bare  through  the  major  portion  of  the  season  sustain  ultimately 
heavy  losses  of  valuable  chemical  constituents  and  humus. 

One  item  in  these  figures  is  worthy  of  attention  :  the  Station  bar- 
ley yield.  This  is  thirteen  and  seven-tenths  per  cent.  (13.7)  heavier 
than  that  of  the  county  at  large. 

Upon  the  Station  farm  it  has  been  concluded  that  it  is  good  policy 
to  sow  barley  on  laiid  that  grew  peas  the  preceding  year.     We  think  it 
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is  the  common  practice  with  farmers  to  sow  barley  upon  summer  fal- 
lowed land.  This  being  the  case,  evidently  lands  which  have  produced 
ft  good  crop  of  peas  the  previous  year  offer  better  conditions  for  a  l4o. 
I  barley  crop  than  do  fallowed  lands. 

Those  accustomed  to  feeding  field  peas  to  live  stock,  will  testify 
to' their  value  for  this  purpose,  ai*d  if  yields  equaling  the  Station  farm 
yield,  thirty-three  and  five  tenths  (33.6)  bushels  can  be  grown  on  lands 
which  otherwise  would  produce  nothing  under  the  fallow  system,  it 
surely  would  pay  to  grow  such  a  crop.  Pea  straw  cut  at  the  right 
season  and  properly  cared  for,  is  a  desirable  winter  forage  plant,  and 
peas  ground  are  more  valuable  as  stock  food  for  farm  animals  than 
corn  or  wheat,  pound  for  pound.  The  Station  yield  of  peas,  which  is 
75  per  cent,  heavier  than  the  average  of  the  county  yield,  can  be 
attributed  to  three  causes. 

» 

First.  Upon  the  Station  farm,  the  Canadian  pea  is  a  leading  crop.. 
It  is  planted  as  early  as  possible,  in  well  fitted  land,  with  a  drill,  at  the 
rate  of  two  bushels  seed  per  acre,  at  a  depth  cf  4  inches  and  receives 
two  irrigations.  Many  farmers  sow  peas  late,  broadcasting  the  seed 
and  harrowing  in.  Sown  in  this  manner,  one  must  be  an  expert  to 
secure  a  good  stand,  germination  is  not  uniform,  and  most  important 
of  all,  the  late  shallow  seeding  places  the  plant  at  the  mercy  of  the  hot 
drying  winds  of  early  summer. 

Second.  But  little  prominence  is  given  this  crop,  and  it  does  not 
receive  the  same  relative  care  on  the  average  farm  that  we  give  it  at  the 
Station,  with  the  result  that  general  returns  do  not  compare  with  Station 
yields. 

Third.  A  number  of  the  most  successful  farmers  in  Gallatin 
county  grow  peas  exclusively  for  swine.  When  sufficiently  matured, 
they  turn  swine  into  the  fields  and  "hog  them  off**;  such  crops  do 
not  show  in  our  returns,  otherwise  the  general  yield  would  be  much 
heavier  than  it  appears  to  have  been.  This  plan  of  harvesting  this 
crop  with  swine  is,  no  doubt,  satisfactory  to  those  pursuing  it,  but  it 
is  after  all  an  expensive  way,  and  from  limited  enquiries  made,  we  are 
of  the  opinion  that  they  do  not  get  the  value  fronf  the  crop  that  they 
would  if  the  crop  was  regularly  harvested.  We  find  that  to  be  as  care- 
ful as  we  may  in  harvesting  small  grain,  that  the  loss  from  shelled  and 
shattered  small  grain,  especially  wheat,  is  a  considerable  per  cent,  of 
the  whole  crop,  and  that,  as  a  rule,  there  will  be  sufficient  of  this  ordi- 
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narily  wasted  grain  to  supply  the  needs  of  a  moderate  herd  of  swine, 
between  the  times  of  harvest  and  fall  plowing.  Great  difficulty,' too,  is 
experienced  in  cutting  a  heavy  crop  of  peas. 

Tolton  Bros.,  Guelph,  Canada,  have  an  attachment  to  mowing 
machines  which  has  proved  to  be  eminently  satisfactory.  It  consists 
of  a  series  of  guards  which  keeps  the  vines  off  of  the  sickle  bar  of  the 
mower,  thus  giving  the  sickle  free  play  and  a  chance  to  cut  the  vines 
without  clogging  the  sickle.  This  attachment  makes  it  possible  to 
shave  the  vines  closely  to  the  ground,  leaving  the  land  free  of  stubble. 

In  comparing  wheat  yields,  it  is  fair  tc  state  that  the  difference  of 
more  than  20  per  cent,  between  the  farm  and  county  yields  is  due,  in 
part,  to  the  fact  that  a  large  per  cent,  of  the  spring  wheat  grain  in 
Gallatin  county  is  spring  club,  while  spring  fife  was  the  Station  farm 
crop,  and  as  spring  club  is  a  heavier  yielder  than  spring  fife,  it  would 
be  expected  that  the  general  yield  would,  therefore,  exceed  that  of  the 
Station. 

FARHERS'   INSTITUTES. 

Meetings  were  held  at  Chinook,  Fort  Benton,  Great  Falls,  Living- 
ston, Big  Timber,  Laurel,  Billings,  Joliet,  Red  Lodge,  Bozeman  and 
Plains. 

The  fcllowing  were  some  of  the  subjects  discussed  thereat: — 
•'Dairying;"  '* Swine  Growing  and  Feeding;'*  ** Sheep  Feeding;'* 
"Irrigation  and  Water  Measurement;"  **  Poultry;**  **  Orcharding;** 
*' Small  Fruits;**  *' Canada  Field  Peas;*'  '*  Smuts  of  Grains;'*  «*  Scab 
of  Potatoes;**  **  Injurious  Insects;**  '*  Alkali  Soils;**  **  Relative  Value 
of  Foods;**  **Home  Life  on  the  Farm;*'  **  Agricultural  Education;** 
**The  Agricultural  College;**  **The  Experiment  Station  and  its  Rela- 
tions to  the  Farmer;**  "Domestic  Economy;**  "Good  Roads.**  Asso- 
ciated in  this  work  with  the  Director  were  Drs.  Traphagen  and  Wilcox, 
Prof.  Beach,  W.  H.  Sutherlin,  Prof.  W.  L.  Carlyle.  of  Minnesota, 
Prof.  W.  H.  Williams,  President  James  Reid,  Mrs.  Julia  H.  Emery  and 
R.  N.  Sutherlin.  Valuable  aid  was  also  received  from  able  local 
speakers  at  the  majority  of  the  to'vns  where  meetings  were  held,  as 
also  by  Institute  Committees  of  Arrangement  and  Program.  This  im- 
portant work  is  new  in  Montana,  and  is  not,  perhaps,  as  fully  under- 
stood as  it  should  be  to  insure  the  best  results  from  institutes.  These 
bear  the  same  relation  to  agricultural  communities  that  the  Teachers 
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institutes  do  to  the  cause  of  education.  The  benefits,  if  any,  inure 
to  communities  from  either  of  these  educational  efforts  from  the 
intercliange  of  intelligent  ideas  and  their  application  to  the  work  in 
hand. 

Farmers  Institutes  are  valuable,  where  say,  half  a  dozen  progres- 
sive farmers  are  interested  attendants  upon  the  sessions  and  who  carry 
to  their  homes  and  put  into  successful  operation,  worthy  suggestions 
there  received;  others  note  their  successes  or  failures  and  govern  them- 
selves accordingly,  and  thus  improved  farm  methods  become  contagious 
in  a  way.  This,  however,  is  not  the  better  way.  There  is  a  stimulus 
in  numbers  to  any  speaker  or  platform  worker  that  comes  from  no  other 
condition.  Meetings  are  usually  planned  to  be  held  at  common  centers 
readily  accessible  to  farmers,  and  it  is  the  plain  duty  of  all  such,  as 
well  as  business  men  and  their  families  to  drop  all  other  preventive 
business  and  attend  each  and  every  session. 

Conducting  and  assisting  in  Farmers  Institutes  is  outside  of  the 
regular  paid  duty  of  Station  staff  members,  and  of  the  Agricultural 
College  Faculty.  Such  service  is  voluntary  and  gratuitous,  and  is 
always  performed  at  great  sacrifice  to  those  therein  engaged. 

The  difficulty  and  weariness  of  unaccustomed  railway  and  stage 
travel  are  involved,  proper  work  is  temporarily  neglected,  to  be  made  up 
later,  at  great  cost,  and  the  effort  required,  entitles  workers  to  the 
fullest  of  attendance  and  the  heartiest  of  support,  from  every  man 
and  woman  who  have  the  best  interests  of  the  community  at  heart.  We 
undertake  these  institutes  for  two  reasons. 

First.  We  believe  they  are  helpful  to  the  cause  of  Montana  agri- 
culture. 

Second.  The  information  as  to  the  country,  the  farmers  and 
business  generally,  is  valuable  to  our  men,  and  supplies  correct  ideas 
as  to  the  agricultural  wants  of  Montana.  Except  for  the  generosity 
and  good  feeling  shown  toward  the  work  by  the  following  railway  com- 
panies, the  Northern  Pacific,  the  Great  Northern,  and  the  Canada  and 
Great  Falls  lines,  it  would  have  been  impossible  to  conduct  these  meet- 
ings, and  proper  thanks  are  hereby  tendered  them  in  the  name  of  the 
farmers  of  Montana,  and  of  the  Experiment  Station  and  the  Agricul- 
tural College.  It  is  also  generally  understood  that  no  funds  are  pro- 
vided this  institution  by  the  national  government,  to  defray  the  inci- 
dental expenses  of  the  work,  and  that  it  is  legitimate  and  necessary  for 
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communities  to  raise  needed  funds  to  conduct  these  meetings.  In 
some  states  provision  is  made  by  due  appropriation  to  carry  on  such 
work;  in  others  it  is  the  custom  to  raisfe  Institute  funds  by  private  sub- 
scription. Business  men  do  not  gilways  understand  their  full  duty  to 
the  Institutes. 

In  up  to  date  communities  it  is  the  custom  to  close  all  places  of 
business  for  afternoon  sessions  at  least,  giving  all  full  opportunity  to 
pay  the  Institute  undivided  attention,  instead  of  keeping  open  and  run- 
ning counter  attractions  to  the  meetings.  If  these  meetings  possess 
value,  the  merchant  will  ultimately  receive  his  share,  and  it  is  his  man- 
ifest duty  to  render  the  fullest  co-operation. 

Hereafter  the  Experiment  Station,  in  justice  to  itself,  cannot  be  a 
party  to  this  work,  in  any  community,  without  it  being  first  pledged 
the  heartiest  support  of  farmers  and  business  men. 

NEWSPAPER   EXCHANGE  LIST. 

In  looking  through  the  columns  of  the  Press  of  the  United  States, 
one  sees  many  extracts  from  bulletins  and  the  pen  of  Station  workers. 
This  is  especially  true  of  the  Agricultural  Press.  We  appreciate  this 
free  use  of  Station  literature  as  it  is  the  very  best  method  of  informing 
the  public  of  the  result  of  experiment  work. 

Our  Station  staff  receives,  in  the  course  of  a  year,  many  requests 
for  special  communications  upon  agricultural  topics,  and  such  are 
always  freely  honored.  The  law  creating  Stations  makes  it  mandatory 
on  them  to  mail  copies  of  all  bulletins  to  the  Press  of  the  State,  and 
this  is  always  done  so  far  as  we  possess  knowledge  of  the  existence  of 
the  various  publications.  We  know  of  no  better  way  by  which  this 
information  can  be  carried  to  the  Station,  than  for  publishers  to  mail 
regularly  to  the  Experiment  Station  their  publications,  in  exchange  for 
the  Station  Bulletins.  Many  valuable  suggestions,  as  to  our  work, 
came  to  us  through  the  Press,  and  we  are  grateful  to  the  publishers  of 
the  following  papers  and  magazines  for  free  copies: 

The  Quotation.  St.  Paul.  Minn. 

The  Dorset  Quarterly.  Washins^ton,  Penn. 

Uuh  Church  and  Farm.  Salt  Lake  City.  Utah. 

The  Wool  Record.  N.Y. 

The  Dixie  Miller.  Nashville,  Tenn. 

Lake  City  Republican,  Lake  City,  Minn. 
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The  World.  Vancouver,  B.  C,  Can. 
The  Great  Falls  News,  Great  Falls.  Mont. 
•  The  Poultry  Farmer,  J)es  Moines,  Iowa. 
The  Pacific  Poultryman,  Tacoraa,  Washington. 
The  Forester,  Washington,  D.  C. 
The  Poultry  Herald.  St.  Paul.  Minn. 
The  Feather,  Washington,  D.  C. 
Oregon  Poultry  Journal,  Salem.  Ore. 
The  Poultry  Monthly.    The  Ferris  Pub.  Co.,  Albany,  N.  Y. 
Intermountain  Poultry  Journal.  Rockford,  Washington. 
Farmers*  Guide,  Huntington.  Ind. 
Great  Falls  Weekly  Tribune. 
Livingston  Enterprise. 
The  Milwaukee  Journal. 
Stock  Growers  Journal,  Miles  City,  Mont. 
Big  Timber  Pioneer. 
The  Dillon  Examiner. 
Yellowstone  Journal,  Miles  City. 
The  Dillon  Tribune. 
Belt  Valley  Times. 
Billings  Times. 
Livingston  Herald. 
The  Western  News,  Hamilton,  Mont. 
Red  Lodge  Picket. 
The  Billings  Gazette. 
Livingston  Post. 
The  Lewistown  Democrat. 
Madisonian,  Virginia  City,  Mont. 
The  Northwest  Tribune,  Stevensville.  Mont. 
The  Chinook  Opinion. 
Cotton  Planter's  Journal,  Memphis,  Tenn. 
The  Riverside.  Red  Wing.  Minn. 
The  Farmers'  Call,  Quincy.  III. 
How  To  Grow  Flowers,  Springfield.  Ohio. 
The  Irrigation  Age,  Chicago. 
Farm  Students*  Review,  St.  Anthony  Park,  Minn. 
The  Agricultural  Student,  Columbus,  Ohio. 
College  Exponent,  City. 
The  Industrialist.  Manhattan,  Kan. 
The  Farm  Journal.  Philadelphia.  Penn. 
The  Northwest  Magazine.  St.  Paul.  Minn. 
Western  Mining  World,  Suite,  Mout. 
The  Park  and  Cemetery,  Chicago. 
The  Farm  and  Poultry,  Boston,  Mass. 
The  Strawberry  Culturist,  Salisbury.  Md. 
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The  American  Florist,  Chicago. 

West  Virginia  Farm  Review,  Charlestown,  West  Virginia. 

The  Horticultural  Visitor,  Kinmundy,  III. 

Green's  Fruit  Grower,  Rochester,  N.  Y. 

The  Gentleman  Farmer,  Chicago,  111. 

Uolstein  Friesian  Register,  Brattleboro,  Vermont. 

The  Jersey  Bulletin,  Indianapolis, 

Farmers'  Magazine,  Springfleld,  III. 

Uoanfs  Dairyman,  Fnn  Atkinson,  Wis. 

Montana  Fruit  Grower,  Missoula. 

The  Ruralist,  Federalsburg,  Md. 

North  American  Horticulturist,  Monroe,  Mich. 

Western  Fruit  Grower,  St,  Joseph,  Mo. 

Success  With  The  Garden,  Reed  City.  Mich. 

Florists'  Review.  Chicago. 

Stockman  and  Farmer,  Helena,  Mont. 

Gardening,  Monon  Building,  Chicago,  111. 

Home  and  Garden,  St.  Paul.  Minn. 

The  Southern  States  and  Farm  Magaziue,  Baltimore,  Md. 

The  Elgin  Dairy  Report,  ill. 

Field  and  Farm,  Denver,  Col. 

Farm  News,  Springfield,  Ohio. 

The  Prairie  Farmer,  Chicago. 

Oregon  Agricnltnrist.  Portland.  Ore. 

Wallace's  Farmer,  Des  Moines,  Iowa. 

The  Agricultural  Epitomist,  Indianapolis. 

Home  and  Farm,  Louisville,  Ky. 

Farm  and  Home,  Springfield,  Mass. 

The  North  West  Farmer,  St.  Paul,  Minn. 

The  Nebraska  Farmer,  Omaha,  Neb. 

Rural  New  Yorker,  New  York. 

Breeder's  (lazette,  Chicago. 

Farmer's  Voice,  Chicago,  III. 

The  Wisconsin  Agriculturist,  Racine,  Wis. 

The  Northwestern  Agriculturist,  Minneapolis. 

Farm,  Stock  and  Home,  Minneapolis. 

The  Homestead,  Des  Moines,  Iowa. 

Farming,  Toronto,  Can. 

Butcher's  Advocate,  N.  Y. 

Orange  Judd  Farmer,  Chicago,  111. 

The  National  Stockman  and  Farmer.  Pittsburg,  Penn. 

The  Poultry  Keeper,  Parkesburg,  Penn. 

Helena  Independent. 

The  Inter-Mountain. 

Anaconda  Standard. 
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DeDiocrat  Messenger,  Missoula,  Mont. 

The  Daily  Missoulian. 

Tiie  Inter-Lake,  Kalispell,  Mont, 

Avant  Courier,  Bozeman,  Mont. 

Bozeman  Chronicle. 

Baltimore  Weekly  Sun,  Baltimore,  Md. 

Carbon  County  Sentinel,  Gebo,  Mont. 

Weekly  Tribune,  Butte. 

JetTerson  County  Sentinel,  BDulder.  Mont. 

The  Glendive  Independent,  Glendive,  Mont. 

The  Mississippi  Valley  Lumt>erraau,  Minneapolis,  Minn. 

The  Northwestern  Agriculturist,  Minneapolis,  Mian. 

DONATIONS. 

The  Station  makes  due  acknowledgment  of  the  following  gifts: 

Leber  &  Meyer,  New  York  city  i  sample  Wohanka  sugar  beet 
seed. 

W.  Atlee  Burpee  &  Co.,  Philadelphia,  Pa.,  33  packages,  flower 
and  garden  seeds. 

U.  S.  Botanic  gardens,  Washington,  D.  C,  17  packages  tree  and 
plant  seeds. 

W.  H.  Heidemann,  Kalispell,  Mont,  i  package  wild  black  cap 
raspberry  seed. 

C.  D.  Thompson,  Oregon,  i  package  Oregon  everbearing  straw- 
berry plants. 

D.  A.  Richardson  &  Co.,  Faribault,  Minn.,  7  packages  flower  and 
vegetable  seeds. 

E.  W.    Allen,   Wolverton,   Minn.,  5  one  pound  packages  potato 

seed. 

Geo.  S.  Josselyn,  Fredonia,  N.  Y.,  i  Campbell's  early  grape  vine. 
Kitselman  Bros.,   Ridgeville,   Indiana,    i  Duplex   fence   weaving 
machine. 

DISCOUNTS. 

The  A.  B.  Farquhar  Co.,  York,  Penn.,  a  handsome  discount  from 
jobbing  prices  upon  i  low  down  Vibrator  threshing  machine,  with  a 
stated  capacity  of  500  bushels  of  grain  per  day;  this  machine  threshed 
1,200  bushels  barley  per  day  in  a  most  satisfactory  manner. 
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BULLETINS. 

Four  Bulletins  have  been  issued  for  the  present  fiscal  year.  Bul-^ 
letin  13,  Drinking  Waters,  16  pages,  6,000  copies,  by  F.  W.  Trap- 
hagen;  Bulletin  14,  Montana  Swine  Feeding,  20  pages,  6,000  copies, 
by  Frank  Beach;  Bulletin  15,  Larkspur  Poisoning  of  Sheep,  22  pages, 
6,000  copies,  by  E.  V.  Wilcox.  These,  with  this  annual  report,  as 
Bulletin  No.  16,  54  pages,  6,000  copies,  constitute  the  legal  number 
required  under  the  Hatch  law.  The  Bulletins  of  this  Station  are  in 
urgent  demand,  and  it  is  only  a  question  of  time  when  the  State  of 
Montana  must  lend  assistance  in  the  publication  of  the  annual  Bul- 
letins, Montanans  are  a  reading  people,  and  the  ratio  of  Bulletins 
published  to  the  population  of  the  State,  is  greater  than  that  of  any 
other  State  in  the  Union. 

Respectfully  Submitted, 

S.   M.  Emery,  Director. 


STRAWBERRIES. 

Various  points  of  interest  in  connection  with  strawberry  culture 
have  been  considered,  among  these  the  yield  of  a  bed,  in  its  second 
fruiting  year,  as  in  comparison  with  the  first  or  the  third  year  from 
planting  as  compared  from  the  second  year  from  planting.  There  is 
much  di&erence  of  opinion  between  growers  as  to  the  relative  value  of 
strawberry  beds  after  their  first  fruiting  year.  Peter  Henderson,  early 
advised  planting  in  pots;  transplanting  from  these  into  fruiting  beds 
the  same  season  they  were  grown;  giving  a  high  state  of  culture;  ample 
winter  protection,  and  after  the  first  crop  of  fruit,  to  plow  up  beds;  de- 
pending entirely  upon  potted  plants  for  fruiting  plants.  This  no  doubt 
is  good  theory  from  the  nurseryman's  standpoint;  the  usual  price  for 
potted  plants  being  $50  per  thousand.  This  may  be  classed  as  the 
views  of  an  extremist.  In  eastern  states  the  general  concensus  of 
opinion  among  the  best  growers,  varies  only  as  to  the  length  of  time 
after  the  second  full  crop  is  secured,  before  the  bed  should  be  plowed 
up  and  new  plantations  set.  Many  insist  that  the  first  crop,  i.  e.,  the 
second  year  from  planting;  is  the  only  paying  crop,  others  the  first  and 
second,  and  as  a  general  thing,  all  agreeing  that  the  third  crop  is  the 
ultimate  one  that  can  be  grown  with  profit.     We  do  not  agree  with 
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either  of  these  theories  but  believe,  that  given  fairly  good  land,  plenty 
of  manure,  and  an  abundance  of  moisture,  applied  at  proper  time,  that 
beds  may  be  maintained  with  profit,  almost  indefinitely,  under  a  good 
system  of  cultivation. 

Desiring  information  on  this  subject,  our  beds  were  given  thorough 
cultivation  in  ^96  following  fruiting  with  a  single  horse  cultivator;  all 
weeds,  grass,  etc.,  that  could  not  be  reached  by  cultivator  were  hand 
pulled. 

Well  rotted  manure  applied  at  the  rate  of  750  bushels  per  acre. 
This  was  applied  with  a  Kemp  &  Burpee  manure  spreader,  broadcast 
over  the  beds,  fertilizing  not  only  between  the  rows  but  on  and  about 
the  plants  as  well.  Well  rotted  barn-yard  manure  was  that  used  and  it 
was  immediately  well  cultivated  into  the  soil  between  the  rows.  The 
water  then  was  turned  on;  as  much  as  the  land  would  absorb. 

Prior  to  this  time  the  new  plants  and  runners  (which  start  very 
early  under  irrigation,  frequently  in  July)  had  well  occupied  all  the 
space  between  the  rows,  and  as  a  result  of  the  merciless  cultivation  many 
of  the  young  plants  were  uprooted  or  entirely  destroyed.  No  attention, 
however,  was  paid  to  this  coadition,  and  under  the  revivifying  effects  of 
cultivating,  fertilizing  and  irrigating,  they  speedily  resumed  growth, 
and  early  fall,  found  the  beds  well  furnished  with  strong  vigorous 
plants. 

In  December  the  beds  were  mulched  with  straw,  this  remained 
until  April,  this  operation  having  been  postponed  as  long  as  possible 
in  order  to  retard  the  bloom  period. 

Beginning  April  loth  and  extending  as  late  as  May  26th,  plants 
were  dug  for  sale.  These  were  supplied  to  all  wishing  them  at  30  cents 
per  hundred  or  $5  per  thousand  plants.  The  difference  in  price  to 
encourage  numerous  small  orders  rather  than  large  wholesale  orders. 
(Plants  will  be  supplied  this  year  at  the  same  rate,  cash  accompanying 
the  order,  the  selection  of  varieties  being  left  to  the  Experiment 
Station). 

The  accompanying  list  shows  the  number  of  plants  dug  from  each 
variety,  this  varies  from  thirty-one  plants  of  the  Brandy  wine,  up  to  305 
of  Barton's  Eclipse.  This  list  is  interesting  m  connection  with  the 
tables  showing  the  amount  of  fruit  picked  from  each  variety: 
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Number  of  plants  dug,  spring  1897,  from  beds  of  25  plants,   set 
spring,  1895. 


Variety.  Number. 

Arrow 150 

belmout 100 

Belle 150 

Biael 265 

Braudywine 31 

Bubach  No.  5 225 

Barton^s  Eclipse 905 

Beverly 175 

Bederwood 90 

Cresoeot 196 

Cyclone 125 

ColumbiaD 250 

Dayton 100 

Enormous 79 

Enhance 72 

Edgar  Queen 150 

Governor  Hoard 184 

Ueneral  Putnam 25 

Greenville 125 

Gandy  Belle 106 

Great  Pacific 175 

Gandy 25 

Uaverland 185 


Variety.  Number. 

Ivanhoe 207 

Klickitia 127 

Leader... 100 

Lovett 97 

MichePiS  Early 85 

Meek*8  Early 75 

Muskingum 75 

Mrs.  Cleveland 75 

Princess 175 

Princeton  Chief 150 

Paris  KipK 66 

Robinson 147 

«huster:Gem 100 

Sharpleis 25 

Stayman  No.  1 97 

Splendid 265 

Swindle 50 

Tennessee  Prolilic 164 

Victor  Hugo 175 

Warfield 150 

Plants  Dnjr 5668 

Originally  Set 1460 


In  digging  it  was  the  intention  to  leave  each  variety  with  a  good 
supply  of  strong,  vigorous  fruiting  plants. 

It  is  to  be  remembered  that  of  each  variety  25  plants  were  origin- 
ally set  in  *95,  exceptions  to  this  were  Haverland,  Bederwood,  Crescent 
and  Michel's  early,  ^of  these  sorts  500  plants  were  set,  but  in  all  esti- 
mates of  plants  dug  and  fruit  harvested  these  varieties  were  averaged 
so  as  to  place  .them  upon  the  same  numerical  footing  as  the  other 
varieties. 

After  removing  the  straw  in  April,  the  cultivator  was  run  through 
the  rows  so  as  to  level  up  from  the  effects  of  digging  plants,  the  weeds 
were  pulled,  the  straw  replaced  between  the  rows,  and  the  bed  lightly 
irrigated. 

Field  notes  were  taken  as  to  the  date  of  the  appearance  of  first 
bloom,  the  first  fruiting,  the  amount  of  fruit  produced  by  each  variety; 
also  the  following  comparisons,  the  relative  bloom  and  fruit  periods  o  f 
'96  and  '97;  also  the  fruit  yields  of  '96  and  '97. 
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These  tables  are  interesting  and  will  bear  analysis.  It  also  justi- 
fies the  belief  that  a  strawberry  bed  of  good  varieties,  under  proper 
cultivation  and  irrigation,  will  out-last  by  many  years  the  general  life- 
time of  unirrigated  beds. 

The  average  gain  in  yield  of  the  crop  of  '97  over  that  of  '96,  con- 
sidering only  those  varieties  which  gave  an  increased  yield,  was  ten 
poimds  ten  ounces  to  25  plants  as  set  in  *95. 

Ordinarily  it  is  not  deemed  a  wise  plan  to  disturb  the  soil  in  or 
about  fruiting  beds,  and  there  is  shown  by  the  tables  a  very  interesting 
relation  between  digging  plants  and  the  fruiting  capacity  of  the  beds 
thus  disturbed.  The  general  average  of  plants  dug,  was  131;  among 
varieties  equal  or  exceeding  the  average  increase  in  yield  of  ten  pounds 
ten  ounces,  from  which  131  or  more  plants  were  dug  are  the  following: 

Variety.                    No.  Plants  duff.  Increase  in  yield  in  W  over  '96. 

Pounds.  Ounces. 

Bisel . . ; 206  18  5 

hubach,  No.  5 225  24  9 

Beverly 175  10  13 

Haverland 135  16  6 

Ivanhoe 207  16  5 

Princess 175  15  15 

Splendid 265  31  15 

Wartield 150  17  5 

This  result  proves  that  the  best  results  in  a  fruiting  bed  are  not  to 
be  gained,  unless  cultivation  is  given  the  bed. 

Fear  was  expressed  by  the  workman  in  charge  of  the  work,  an  old 
experienced  strawberry  culturist,  that  the  beds  had  been  dug  altogether 
too  closely,  and  that  the  result  would  be  loss  in  impaired  fruiting. 

The  fruit  yield  table  affords  an  interesting  study  presenting  as  it 
does  a  series  of  startling  surprises,  beginning  with  the  old  popular 
stand  by,  MichePs' early,  which  in  '96  yielded  two  pounds  eleven  ounces 
of  fruit,  among  the  very  poorest  this  gave  in  '97,  24  pounds,  thus 
justifying  the  wisdom  of  affording  it  a  place  in  the  beds.  The  gross 
yield  for  '97  was  more  than  double  that  of  '96,  and  is  a  striking  en- 
dorsement of  rich  fertilization,  good  cultivation  and  frequent  irrigation. 

Nineteen  varieties  yielded  over  a  half  pound  of  fruit  per  plant  in 
1896.  In  '97  this  number  was  almost  doubled,  37  sorts  showing  this 
rate  of  yield. 

Not  a  variety  which  yielded  in  the  }4  pound  class  in  '96,  dropped 
below  this  in  '97,  and  every  variety  showed  a  marked  increase,  this  was 
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notably  so  with  Bisel,  Bederwood,  Crescent,  Enormous,  Enhance, 
Gov.  Hoard,  Gandy  Bell,  Ivanhoe,  Robinson,  Stayman  No.  i.  Splen- 
did, Swindle,  Tennessee  Prolific  and  Warfield.  Any  of  these  sorts 
will  prove  valuable  in  localities  similar  to  this. 

A  new  list  is  now  offered  of  plants  which  have  exceeded  i  pound 
per  plant  of  the  parent  plants  set  in  '95.     This  is  as  follows: 

Variety.  Pounds.    Ounces. 

Bisel 46  11 

Bubach  No  5 81  14 

Bederwood 37  6 

Enormous 87  5 

Etii-eka S'Z  15 

Enhance 89  8 

Gandy  Belle 88  2 

Ivanhoe 82  12 

Princess 25  8 

Stayman  No.  1 42  14 

Splendid 54  8 

Warfield 84  8 

It  will  carry  more  definite  information  to  state  that  these  are  yields 
from  37  running  feet  of  matted  berry  row,  and  that  ^he  same  averag 
yield  would  give  at  the  rate  of  about  10,000  pounds  of  fruit  per  acre. 

This  rate  of  yield  has  been  exceeded  only  in  exceptional  cases. 
It  would  be  easier  to  realize  the  same  result  in  acre  plats  under 
thorough  cultivation,  than  to  duplicate  these  yields  under  existing  con- 
ditions. 

Time  and  again  has  the  writer  heard  it  claimed  by  nurserymen:  *'  In 
digging  plants  from  fruiting  beds  we  cannot  expect  them  to  fruit  freely." 

We  are  convinced  that  had  these  beds  been  undisturbed  in  the 
spring  and  no  plants  taken  from  them,  (which,  of  itself,  is  a  thorough 
form  of  cultivation  )  and  that  the  ground  had  not  been  abundantly  fertilized 
and  cultivated,  that  the  yield  would  not  have  been  nearly  so  great. 

.  Irrigation  was,  probably,  too  freely  indulged  in  to  insure  the  best 
of  flavor  in  fruit.  Comparisons  were  made  by  ccmpetent  authority  be- 
tween the  quality  of  the  crops  of  '96  and  ^97;  also  between  the  Station 
berries  and  the  berries  from  neighborhood  beds  which  were  not  so 
frequently  irrigated.  These  comparisons  were  not  to  the  credit  of  the 
*97  Station  berries. 

On  an  average,  water  was  applied  weekly  through  the  fruiting 
season^  one  half  of  the  bed  being  irrigated  at  a  time,  the  water  remain- 
ing on  the  bed  over  night.     It  is  good  practice  in  economizing  water, 
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and  preventing  the  soil  from  washing,  to  mulch  between  the  rows 
(which  is  usually  the  furrow  through  which  the  water  passes).  With 
a  natural  fall  of  18  inches  in  a  hundred  feet,  in  our  strawberry  beds,  the 
soil  did  not  wash,  a  most  important  consideration  in  all  crops  grown 
under  irrigation. 

It  is  proposed,  in  the  near  future,  to  test '  the  effect  of  irrigation 
upon  flavor;  chemical  analysis  will  supplement  natural  methods  in  such 
determination. 

It  will  be  remembered  that  the  present  beds  when  set  in  '95  were 
planted  regardless  of  sex  or  season  for  bloom.  Believing  that  to  get  the 
very  best  fruiting  effects  from  plants  that  reference  should  be  had  to  these 
conditions,  a  new  bed  was  set  in  the  spring  of  '97,  selections  were  made 
for  the  new  bed  of  varieties  which  averaged  J4  pound  or  more  fruit  per 
plant,  associating  together  in  the  new  beds  staminate  and  pistillate 
varieties,  also  those  having  substantially  simultaneous  bloom  periods. 
The  arrangement  of  the  new  bed  is  shown  by  the  diagram  of  the  new 
bed  set  in  '97,  on  page  78. 
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A  moot  question  among  nurserymen  is  the  proper  proportion  of 
pistillate  plants  to  alternate  with  staminates  to  insure  best  ft  ui ting 
results.  It  is  conceded  that  a  pistillate  sort  alternated  with  barely  suf- 
ficient staminates  to  sufficiently  fertilize  is  more  productive  than  when 
there  is  an  excess  of  the  staminate  kinds. 

To  afford  means  of  study  for  this  question  a  special  bed  has  been 
set  as  follows:  A  triangle  with  a  base  45  feet  wide,  and  an  apex  51  feet 
long,  in  which  the  rows  run  lengthwise  5  feet  apart,  has  been  set  with 
Crescent  seedling  plants  18  inches  apart  in  the  rows.  The  Crescent 
plants  cease  where  the  sides  of  the  triangle  cut  the  rows,  these  rows 
are  projected  beyond  this  triangle  and  at  the  point  where  the  Crescent 
cease,  staminate  sorts  are  set  with  but  two  exceptions.  It  is  proposed 
to  ascertain  the  relative  fruitfulness  of  the  individual  Crescent  plants 
within  the  triangle,  as  the  distance  from  the  pistillate  to  the  staminate 
plants  varies  from  eighteen  inches  to  22^  feet. 

To  determine  this,  each  plant  within  the  triangle  will  be  numbered 
and  a  separate  account  taken  of  the  fruit  produced  on  it. 

There  will  also  be  an  attempt  to  gain  light  upon  the  question  as  to 
how  the  pollen  is  most  commonly  transferred  from  plant  to  plant, 
whether  on  the  wind  or  by  insects. 

Protecting  gauze  screens  will  be  placed  over  the  blooming  plants, 
the  meshes  being  of  such  a  size  as  to  prevent  the  approach  of  insects. 
(See  diagram  of  new  bed,  for  plan  of  this  bed,  page  78.) 

Two  colonies  of  bees,  on  the  Station  farm,  have  added  an  effective 
host  to  the  busy  insect  workers  which  frequented  the  berry  patch  when 
in  bloom,  and  we  attribute,  to  no  small  degree,  the  improvement  in  the 
fruit  crop  of  '97  to  the  better  pollenization  of  the  blooms  by  the  bees. 
These  were  not  present  in  '96. 

On  June  nth  a  white  frost  occurred;  ten  days  later  we  attempted 
to  determine  the  extent  of  the  damage. 

The  following  was  the  method  employed:  beginning  at  a  given  point 
on  each  bed,  100  blooms  were  counted  as  they  came  (every  stage  of  de- 
velopment of  bloom  or  fruit  entering  into  the  calculation),  and  each 
bloom  or  berry,  showing  any  injury  was  noted.  We  thus  ascertained 
the  exact  number  of  damaged  blooms  or  fruits  out  of  each  hundred  con- 
secutive blooms  or  fruits.  The  following  table  shows  the  amount  of 
such  injury: 
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Table  of  per  cent,  of  blooms  injured  by  frost  on  June  21st,  1897: 


Per  cent. 

Arrow 2 

Belmont 3 

Belle 5 

Banquet ,.5 

Bisel 0 

Brandywine i 

Biibach  No.  5 7 

Bartons  £clipse 3 

Beverly 1 

Bederwood 6 

Crescent 0 

Cyclone 3 

Crawford 8 

Columbian 12 

Chair's 1 

Dayton 3 

Enormous 1 

E.  P.  Roe 5 

Eureka 2 

Enhance 4 

Edgar  Queen 4 

Gov.  Hoard 8 

Gillespie 6 

(Ten.  Putnam 0 

Greenville 2 

Gandy  Belle 2 

Great  Pacific 1 

Gandy i 

Haverland 4 


Per  cent. 

Hoffman 7 

Ivanhoe 2 

Jay  Gould 1 

Klickiiia 3 

Leader 4 

Lovett 6 

Michel's  Early 8 

Meek's  Early 4 

Muskingum 11 

Mrs.  Cleveland 3 

Princess 3 

Princeton  Chief 0 

Parker  Earie 0 

Paris  Kin^ 3 

Rio 3 

Robinson 0 

Sandoval 2 

Stevens 0 

Shuster  Gem 0 

Sharpless 6 

Srayman  No.  1 2 

Splendid 2 

Swindle 3 

Timbrel 3 

T*»nn.  Prolific 9 

Victor  Hupfo 4 

Van  Deman 2 

Wilson 2 

Warfield 0 


It  will  be  noted  that  the  variation  is  wide,  running  from  nothing  in 
the  cases  of  Bisel,  Crescent,  Gen.  Putnam,  Princeton  Chief,  Parker  Earle, 
Robinson,  Stevens,  Shuster  Gem  and  Warfield,  up  to  as  high  as  twelve 
per  cent,  of  Columbian,  and  eleven  percent,  of  Muskingum,  with  an  aver- 
age of  four  per  cent,  for  the  whole  of  the  damaged  varieties. 

The  date  of  bloom  period  does  not  seem  to  have  had  much  to  do  with 
the  relative  amount  of  injury. 

Of  those  showing  no  injury,  the  Bisel,  Gen.  Putnam,  Princeton 
Chief,  Parker  Earl,  Robinson,  Stevens,  Shuster  Gem  are  late  or  moder- 
ately late  bloomers,  while  the  Warfield  is  among  the  earliest  of  the 
bloomers. 

The  first  bloom  period  of  both  the  Columbian  and  Muskingum  is 
the  same.  May  30th,  and  these  might  be  classed  with  the  late  bloomers. 

Among  the  very  latest  bloomers  are: 

Banquet June  2d,  five  per  cent,  injury. 


Chair's   Seeding. 
Gandy. .  . . 
Jay  Gould 


une  I  St,  one  per  cent,  injury, 
une  I  St,  two  per  cent,  injury. 
une  5th,  one  per  cent,  injury. 
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All  of  these,  with  one  exception,  Banquet,  being  much  below  the 
average  of  injury. 

The  period  of  examination  was  June  21st,  and  these  early  blooms 
had  developed  into  berries  the  size  of  a  large  garden  pea. 

The  apparent  discrepancy  in  relative  amount  of  injury  excited 
suspicion  and  a  partial  investigation  of  the  injured  blooms  and  fruit 
with  the  aid  of  a  microscope  which  magnified  forty  times  was  inaugur- 
ated to  determine  whether  or  no  there  was  not  a  structural  physiolo- 
gical difference  in  conformation  not  only  of  the  bloom  in  early  stages, 
but  also  of  the  immature  fruit. 

In  this  work  Dr.  E.  V.  Wilcox,  biologist,  afforded  very  material 
assistance,  taking  charge  of  this  line  of  investigation. 

Sufficient  results  were  obtained  to  warrant  farther  and  more  ex- 
tended investigations  along  these  lines.  Such  will  be  conducted  in  '98. 
There  is  not  a  question  of  doubt  but  that  there  is  a  vast  difference  in 
the  makeup  of  the  different  varieties  of  strawberry  blooms  and  fruits 
in  respect  to  frost  resistance. 

There  is  no  section  of  country  familiar  to  the  writer  in  which  straw- 
berry blooms  and  late  spring  frosts  are  not  contemporaneous,  and  the 
annual  loss  from  this  cause  is  much  greater  than  is  generally  believed 
as  the  injured  bloom  or  fruit  rapidly  dries  up  and  disappears  and  is  not 
long  present  as  a  mute  reminder  of  the  damage  inflicted. 

Doubtless  no  variety  will  be  found  that  is  wholly  immune  from 
frost  effects,  but  we  do  think  there  are  varieties  better  able  to  resist 
frost  effect  than  others,  and  if  this  can  be  authoritatively  determined, 
other  things  being  equal,  such  varieties  will  prove  very  much  more 
valuable  for  general  propagation. 

Dates  of  latest  killing  frosts  for  9  years  past  at  Bozeman,  Mont: 

1888.  May  17,  25  degrees. 

1889.  May  17,  27  degrees. 

1890.  April  20,  25  degrees.      (May  14,  30  degrees).* 

1891.  May  20,  26  degrees. 

1892.  May  14,  29  degrees. 

1893.  May  2,  27  degrees.     (May  24,  30  degrees).* 

1894.  May  15,  29  degrees.      (June  14,  30  degrees).* 

1895.  June  9,  28  degrees. 

1896.  May  25,  29  degrees. 

**  These  datee  marked  *  did  not  show  serious  injury  to  vegetation . 
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y  (We  are  indebted  to  Mr.  Peter  Koch,  of  Bozeman,  for  these  frost 
:  fecords,  he  has  preserved  a  weather  record,  which  runs  back  many 
years). 

No  line  of  work  undertaken  upon  the  Station  has  excited  the  inter- 
'-;  est,  as  has  that  of  the  strawberry  tests. 

The  comparative  fruiting  tests  of  the  many  varieties  in  '96  pre- 
'r  pared  our  visitors  for  a  closer  inspection  in  '97,  it  was  thought  by  many 
'  -that  the  best  possible  results  had  been  obtained  in  '96,  but  the  common 
expression  of  those  who  saw  the  beds  in  '97  was,  ''we  have  never  seen 
the  like." 

We  desire  to  express  our  appreciation  for  the  hearty  sympathy  and 
interest  of  visitors  in  the  strawberry  work. 

There  is  nothing  more  tempting  than  large  luscious  berries  doubly 
beautiful  from  their  rich  setting  of  green  leaves,  and  from  time  imme- 
morial people  have  been  educated  up  to  the  belief  that  it  is  entirely 
proper  to  test  them  on  the  spot,  and  yet,  there  has  not  been  the  slight- 
est difficulty  for  us  to  give  the  rightful  impression,  that  the  accuracy  of 
results  depended  upon  careful  weights  to  a  berry. 

The  fact  that  visitors  were  given  full  opportunity  to  sample  the 
various  kinds,  after  they  were  picked  and  weighed,  doubtless  had  much 
to  do  with  their  forbearance. 

Montana,  from  the  many  natural  advantages,  occupies  the  strong 
position  of  having  the  conditions  that  will  enable  her  to  grow  better 
berries,  that  will  be  more  salable  than  those  from  any  other  state. 

Better  soil  for  strawberries  cannot  be  found  on  the  globe.  Irriga- 
tion is  commonly  practiced,  and  the  irreverent  have  spoken  of  the 
strawberry  as  * 'sweetened  water,"  but  most  important  of  all  is  the 
season  in  which  Montana  berries  mature.  Our  best  berries  ripen  after 
the  rush  is  over  from  competing  states,  thus  leaving  a  free  and  open 
market  for  Montana  berries  when  in  their  best  estate. 

The  strawberry  is  worthy  of  the  attention  of  all  fruit  growers,  and 
careful  selection  of  varieties,  coupled  with  conscientious  cultivation, 
will  bring  speedier  and  more  satisfactory  returns  than  any  other  fruit. 


THE  EXPBRIMBNT  ORCHARD. 

Successful  orcharding  depends  more  largely  upon  natural  con- 
ditions than  does  small  fruit  culture.  From  the  very  nature  of  things, 
it  is  not  possible  to  extend  to  the  orchard  tree  the  perfect  protection 
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from  sudden  climatic  changes,  which  may  be  given  to  the  strawberry 
plant,  and  the  bush  vine  or  shrub  of  the  currant,  gooseberry  and  rasp- 
berry, and  the  blackberry  or  the  grape.  Three  winters  have  intervened 
since  the  Station  orchard  was  set  and  there  has  been,  up  to  this  writing 
(Feb.  '98)  but  little  actual  difference  in  the  winters,  as  indicated  by  an 
average  of  the  temperature  for  the  three  seasons.  Yet  the  amount  of 
damage  done  to  the  trees  in  the  season  of  *g6  and  '97,  is  relatively 
much  greater,  than  was  that  of  '95  and  ^96,  or  that  promises  to  be  in 
*97  and  '98. 

The  loss  the  first  wmter  was  so  slight  as  to  be  hardly  worth  noting, 
while  the  damage  the  second  winter  will  aggregate  fully  35  per  cent,  in 
trees  originally  set. 

In  following  the  annual  record  of  the  Station  orchard,  if  is  earn- 
estly hoped  that  those  interested  will  remember  that  the  orchard  is  a 
trial  orchard,  and  not  such  as  would  have  been  planted  had  it  been  set- 
by  the  light  of  the  best  experience  existing  in  Montana. 

The  majority  of  the  trees  set,  were  set  to  die,  believing  that  if 
these  sorts  were  set  under  the  most  favorable  conditions  for  success, 
and  that  they  succumbed  to  Montana  climatic  conditions,  having  been 
given  a  good  show  for  their  lives  that  planters  in  the  state,  who  are 
practically  similarly  situated  would  refrain  from  setting  such  varieties 
in  the  future,  and  thus  much  substantial  benefit  ultimately  accrue  to 
the  state  by  these  experiments. 

We  think  that  as  far  as  we  have  proceeded  in  this  work  that  ad- 
ditional light  can  be  given  upon  the  important  question — what  to  set 
in  Montana;  and  this  is  or  will  be  largely  confirmatory  of  private  ex-, 
perience,  previously  gained  by  practical  growers  of  orchards  in 
Montana. 

Such  a  list  is  not  a  large  one,  and  it  is  well  that  it  is  not,  as  the 
greatest  obstacle  to-day  to  the  profit  in  orcharding  from  present  invest-, 
ments  just  coming  to  fruiting  is  found,  in  the  unpardonable  multiplicity 
in  fruiting  varieties,  making  of  many  of  the  older  orchards  being  ahodge 
podge  of  sorts,  too  few  of  which,  will  yield  paying  returns  to  the  owners. 
This  can  be  obviated  in  the  future  to  an  extent  by  top  working,  and 
thus  effecting  a  change  in  the  fruit. 

Few  realize,  however,  that  the  stock  (namely,  the  root  and  stem  of 
the  tree  to  be  thus  altered)  or  foundation,  for  successful  work,  to  give 
good  results  is  a  matter  of  as  careful  selection  as  is  the  new  cion  to  be 
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introduced  to  change  the  variety.  To  render  the  new  venture  suc- 
cessful the  stock  should  be  a  clean,  vigorous,  healthy  grower,  free  from 
taint  or  tendency  to  blight.  It  should  possess  a  natural  affinity  for  the 
variety  to  be  grafted  thereon. 

For  example,  many  years  ago,  it  was  thought  that  the  wild  crab  as 
found  growing  in  Minnesota  and  Wisconsin  would  make  a  good  parent 
stock  for  the  pear,  and  many  were  transplanted  and  top  worked  to 
pears.  For  a  year  or  two,  the  work  was  highly  successful,  however, 
when  the  union  was  complete  between  stock  and  graft,  and  the  pear 
began  to  realize  all  it  could  from  the  parent  stock,  it  began  to  grow  in 
a  widely  different  ratio  from  the  wild  crab  on  which  it  was  grafted,  and 
became  from  two  to  four  times  larger  than  its  supporting  stem,  and 
not  having  a  natural  support,  many  of  the  pear  tops  were  broken  off  by 
their  own  weight..  This  was  an  illustration  of  the  importance  of  select- 
ing stock  and  graft  of  equable  habit  of  development. 

The  Transcendant  and  Virginia  crabs  make  good  stocks,  the  former 
is  one  of  the  most  vigorous  of  growers,  while  the  latter  makes  a  more 
moderate  development  and  is  better  suited  to  a  cion  of  medium  growth. 
Much  the  better  way  is  for  orchardists  to  confine  plantings  to  a  few  well 
known,  hardy,  healthy,  kinds  of  desirable  season  and  quality. 

The  only  winter  protection  employed  in  the  Station  orchard,  is 
winding  the  stems  of  the  trees  from  the  ground  tc  the  crotches  with 
newspapers.  The  paper  is  secured  at  top,  bottom,  and  midway  with 
strings  not  too  tightly  drawn.  The  injury  to  trees  was  occasioned  by 
an  abnormally  cold  spell  in  November,  the  thermometer  indicating  29^ 
below  zero.  This  spell  came  before  the  trees  were  protected  and  was 
quite  fatal  to  many  of  the  tender  varieties. 

In  apples,  the  loss  among  Russian  varieties  is  comparatively  small, 
as  will  be  seen  by  reference  to  the  list.  It  does  not  follow,  however, 
that  these  should  be  set  indiscriminately,  because,  while  there  are  some 
Russians  of  good  quality,  the  majority  are  of  very  poor  value  for  fruit. 

Varieties  doing  well  are,  Longfield,  Wealthy,  Alexander,  Okabena, 
Duchess,  St.  Lawrence,  Yellow  Transparent.  Pewaukee,  Gideon  and 
Red  Astrachan. 

In  Pears,  these  give  good  promise,  Giffard,  Flemish  Beauty,  Tyson, 
Boussock  Doyenne  Dete  and  Seckel. 

The  Crab  Apples,  Hislop,  Transcendent,  Greenwood,  Martha  and 
Early  Strawberry,  are  alive  and  in  a  thrifty  condition. 
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Of  Cherries  nearly  50  per  cent,  are  dead.  The  varieties  that  have 
suffered  no  loss  are,  Amarilla,  Montmorency  and  E.  Richmond. 

In  Plums  the  loss  has  been  heavy,  these  varieties  only  having  sus- 
tained no  loss:  Moldovka,  Wild  Goose,  DeSota,  Weaver,  Bavay's 
Green  Gage  and  Wyant. 

In  Prunes  the  loss  is  about  4  per  cent. 

It  has  been  difficult  to  prevent  over  irrigation,  and  the  irrigation 
season  has  been  shortened  each  season  until  the  past,  when  it  ceased 
in  July.  Many  make  the  serious  mistake  of  substituting  irrigation  for 
cultivation.  Orchards  should  receive  frequent  shallow  clean  culture 
through  May,  June  and  July.  Cultivation  and  irrigation  should  then 
cease,  except  in  exceptional  instances,  when  such  need  can  be  deter- 
mined by  the  appearance  of  the  leaf  and  fruit. 

QENBRAL  NOTES  ON  SMALL  FRUITS. 

Currants  have  done  remarkably  well,  fruiting  abundantly,  and  the 
fruit  remains  on  bushes  after  ripening  for  weeks,  if  ungathered.  The 
Fay's  seedling  has  not  succeeded  well.  It  evidently  is  not  so  hardy  as 
other  varieties.     Gooseberries  have  been  a  failure. 

Dewberries  (Lucretia  and  Windom)  bloom  freely,  but  the  flowers 
appear  to  lack  pollination,  and  the  fruit  comes  to  naught. 

Blackberries  are  of  no  value  on  these  grounds. 

Comparative  tests  will  be  made  later  of  the  small  fruits  which  are 
doing  well  and  results  noted. 

The  Station  and  College  grounds  are  large  and  commanding,  and 
tests  are  being  conducted  of  the  flowering  roses  and  shrubs  with  the 
intention  of  propagating  from  such  sorts  as  succeed  well  for  ornamen- 
tation of  the  grounds.  To  date  they  are  living  and  thriving  with  but 
few  exceptions. 


APPLE  LIST. 

Variety.  SET. 

Yellow  Crimean, ; 5 

RedQaeen 6 

Grandmother 5 

Gi|My  Girl 5 

Bogdanoff 5 

Persian 5 

Royal  Table 6 

WM 5 


ALIVE. 

5 
6 
3 


DEAD. 

0 
0 
2 
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PEAR   LIST. 

Variety.  SEP. 

Gi  ffard 2 

Frederick  Clapp 2 

Flemish  Beauty 2 

Tyson 2 

Winter  Nelis 2 

AnjoQ 2 

Boussock 2 

Doyenne  d  £te 4 

Augoulenie 2 

Sheldon 2 

Seokel 2 

Lawrence 2 

Total 26 

CRAB  APPLES. 

Variety.  SET. 

Pride  of  Minneapolis 3 

Whitney 5 

Hislop 2 

Transcendent 5 

Greenwood 3 

Bailey*s  Crimson 3 

Martha 3 

Virginia 3 

Orange 3 

Early  Strawberry 3 

Total 33 

CHERRY  TREES. 

Variety.  SET. 

Yellow  Glass 5 

OrelNo.  24 5 

Slanka 5 

Amarilla 2 

Black  Tartorian 3 

Griotte  Precose 5 

King's  Morello 5 

Royal  Duke 2 

Wragg 3 

>fayDnke 2 


ALIVE. 

2 
1 
2 
2 
1 
1 
2 
4 
1 
0 
2 
1 

19 


ALIVE. 


27 
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A 

••i 

'  i\ 

■J 

I 

DEAD. 

0 

,.'■* 

1 

• 

0 

0 

J 

1 

1 

0 

0 

, 

1 

2 

J 

0 

1 

^ 

DEA  D 


1 

2 

4 

1 

2 

0 

5 

0 

3 

0 

1 

2 

3 

0 

3 

0 

2 

1 

3 

0 

6 


ALIVE. 

DEAD 

4 

1 

3 

2 

4 

1 

2 

0 

1 

2 

2 

3 

4 

1 

1 

1 

1 

2 

0 

3   / 
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APRICOTS. 

SET. 


PRUNES. 

SET. 


PLuns. 

SET. 
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Yellow  Glass 7  6  l 

Welf 3  2  1 

McLauRtilin 2  1  1 

Weaver 8  3  0 

Smith's  Orleans 2  0  2 

Green  Gage 3  2  1 

Bavay's  Green  Gage 2  2  0 

Peter's  T.  Gage 2  0  2 

Totail 90  56  34 

RECAPITULATION. 

SET.  ALIVE.  DEAD. 

Apples 214  161  58 

Grab  Apples 33  27  6 

Pears 26  19  7 

Cherries 62  37  25 

Apricots 9  4  5 

Prunes 26  21  5 

Plums 90  56  34 

Respectfully  submitted, 

S.  M.  Emery,  Horticulturist. 


Report  of  Biologist. 

To  The  Director, 

Dear  Sir: — As  Station  Biologist,  I  would  beg  to  submit  the  fol- 
lowing brief  report  for  the  fiscal  year  ending,  June  30,  1897: 

My  connection  with  the  Experiment  Station  dates  from  September, 
1896;  my  first  work  was  in  collecting  the  msects  and  plants  of  the 
vicinity  of  Bozeman. 

Notes  were  collected  of  the  poisoning  of  cattle  and  sheep  by  vari- 
ous plants,  also  on  the  internal  chicken  mite. 

In  the  spring  of  1897,  these  investigations  were  continued. 

In  May  it  was  determined,  by  means  of  field  work,  that  Larkspur 
is  one  of  the  important  poisonous  plants.  The  result  of  investigations 
along  this  line  were  prepared  and  published  as  bulletin  No.  15. 

Upon  your  suggestion  we  began  a  study  of  late  spring  frosts  as 
affecting  strawberries.  It  was  noticed  that  a  great  difference  is  shown 
by  different  varieties  of  strawberries  in  the  susceptibility  to  injury  by 
frost.  The  varieties,  therefore,  in  this  respect  manifest  a  physiological 
difference.  The  problem,  as  set  before  us,  is  to  determine  whether  or 
not,  there  is  any  recognizable  variation  in  the  anatomical  characters  of 
strawberries  to  account  for  the  physiological  differences. 
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By  means  of  sections,  it  was  possible  to  make  a  microscopic  study 
of  the  flowers  and  young  fruit  of  several  varieties. 

Some  anatomical  differences  were  discovered,  but  not  enough 
material  was  collected  for  settling  the  question  and  another  oppor- 
tunity must  be  awaited. 

We  spent  20  days  in  June  in  the  fruit  regions  of  the  state.  This 
strip  embraced  the  Missoula  valley^  the  Rattlesnake  valley,  Ravalli 
Plains,  the  Flathead  Lake  county  and  Holt,  and  the  Bitter 
Root  valley  from  Missoula  to  Como.  We  saw  about  500,000 
fruit  trees  on  this  trip,  most  of  which  were  in  an  exceptionally  clean 
and  healthy  condition;  we  found  the  following  fruits  under  successful 
cultivation:  apples,  pears,  prunes,  plums,  cherries,  apricots^  black- 
berries, raspberries,  strawberries,  currants  and  goosberries.  A  few 
miles  from  Holt,  on  the  shore  of  the  Flathead  lake,  grapes  were  being 
cultivated  with  considerable  success.  At  Plains  and  on  the  Flathead 
lake  peaches  were  thriving,  but  in  the  Bitter  Root  valley  they  had  suf- 
fered badly  from  frost.  We  found  everywhere  a  live  interest-  in  all 
questions  of  horticulture. 

We  published  about  25  articles,  in  the  chief  papers  of  the  state,  on 
entomological  and  allied  subjects,  and  delivered  about  20  addresses  at 
horticultural  meetings  and  farmers*  institutes. 

Very  respectfully  submitted, 

E.   V.  Wilcox,  Biologist. 


Report  of  Agriculturist. 

To  the  Director, 

Dear  Sir: — Herewith  I  submit  a  report  of  the  progress  of  the 
work  in  the  Agricultural  and  Irrigation  Engineering  departments. 

On  the  sixteenth  of  July  I  assumed  my  duties  as  Agriculturist  and 
Irrigation  Engineer.  It  was  too  late  in  the  season  to  begin  any  new 
lines  of  work,  and  all  that  could  be  done  was  to  carry  on  the  experi- 
ments in  grains,  potatoes  and  roots,  which  had  been  previously  started. 
Small  grains  were  grown  in  plats  and  treated,  as  nearly  as  circum- 
stances would  permit,  the  same  as  field  crops.  Many  of  the  grains 
under  test  have  shown  that  they  are  well  adapted  to  our  soil  and 
climate.     These  will  be  selected  and   planted  in  larger  plats  to  deter- 
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mine  if  they  will  prove  equally  prolific  when  sown  in  larger  areas.  If 
so  they  will  be  cultivated  on  a  more  extensive  scale,  and  seed  in  small 
quantities  will  be  furnished  farmers.  New  varieties  selected  from  the 
best  seed  will  be  introduced  and  tested.  A  fact  worthy  of  special 
mention  is  that  during  the  snow  storm  on  September  eleventh,  but  one 
barley,  the  Chevalier,  stood  up  straight  without  lodging,  throughout 
the  entire  storm. 

The  straw  of  the  Chevalier  is  much  stiffer  than  that  of  other  barleys 
and  the  head  is  held  vertically  so  that  the  little  snow  retained  upon  it 
could  not  crush  the  stiff,  strong,  straw.  The  yield  of  this  barley  proves 
that  it  can  be  grown  with  profit  in  Montana. 

A  number  of  acres  were  sown  to  peas.  These  did  well  and  gave 
an  average  yield  oT  33.6  bushels  per  acre.  Peas  have  proved  to  be  one 
of  the  best  crops  grown  on  the  Station  grounds.  They  are  difficult  to 
harvest,  but  their  good  yield  and  great  value  as  a  gatherer  of  nitrogen 
warrant  their  further  cultivation.  They  leave  the  ground  in  better  con- 
dition than  any  other  crop,  except,  perhaps,  clover  and  alfalfa. 

Two  crops  of  clover  of  fine  qualitj'  were  cut,  and  three  excellent 
crops  of  alfalfa.  These  two  forage  plants  have  given  better  results 
than  any  other  hay  crop  that  has  been  tried  on  the  Station. 

In  October,  one  hundred  and  two  wethers  were  purchased  for  a 
feeding  experiment  to  be  conducted  during  the  winter.  These  animals 
were  fed  various  rations  to  determine  the  profit  or  loss  of  sheep, 
feeding  in  this  state.  At  present  Montana  raises  her  sheep  and  cattle 
on  the  ranges,  and  her  grains  in  the  many  fertile  valleys.  Both  live- 
stock and  grain  are  shipped  to  eastern  markets  where  they  are  com- 
bined with  profit  to  the  eastern  farmer.  Is  it  not  better  tactics  to  feed 
our  grain  at  home  and  thereby  save  the  freight,  the  middleman's  per 
centage,  and  the  eastern  feeders  profit  ? 

At  present  the  Station  is  provided  with  only  a  few  head  of  common 
stock.  The  sheep  and  cattle  industry  of  the  state  occupies  a  prom- 
inent place,  and  the  Station  should  lead  in  the  introduction  of  the  best 
pure-blooded  stock,  and  the  determination  of  their  adaptability.  The 
dairy  industry  is  fast  assuming  a  prominent  place  in  Montana  and  the 
establishment  at  the  Station,  of  a  model  dairy,  should  be  started  at  an 
early  date. 

The  work  in  the  Irrigation  Engineering  department  has  been  fully 
outlined  for  the  coming  year.     Two  self-registering  water  level  instru- 
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ments  have  been  ordered  from  Paris,  France,  to  be  used  in  measuring 
the  amount  of  water  applied  to  various  crops  during  the  irrigation 
seasf'n.  A  record  of  the  rain  fall  will  also  be  kept,  and  a  study  of  the 
amount  of  water  necessary  to  bring  crops  to  maturity  will  be  in- 
augurated. 

The  Experiment  Station  has  co-operated  with  the  United  States 
Geological  Survey  in  measuring  the  discharge  of  the  streams  which 
constitute  the  head  waters  of  the  Missouri  river.  The  amount  of  water 
flowing  in  the  East  Gallatin  and  its  tributaries  has  also  been  measured 
at  various  dates,  to  determine  the  amount  of  return  waters  due  to 
seepage,  which  again  becomes  available  for  irrigation.  If  the  immense 
amount  of  water  now  running  to  waste  could  be  utilized,  it  would  add 
millions  of  dollars  to  the  taxable  wealth  of  the  state. 

Respectfully  submitted, 

Frank  Beach, 
Agriculturist  and  Irrigation  Engineer. 


Report  of  the  Chemist, 

BozEMAN,  Mont.,  June  30,  1897. 
To  the  Director. 

Dear  Sir: — Following  is  a  statement  of  the  work  of  this  division 
for  the  past  year: 

Much  time  has  been  given  to  the  analysis  of  Montana  grown  sugar 
beets  and  some  very  gratifying  results  have  been  obtained. 

Samples  grown  on  the  Experiment  Station  farm  and  dug  as  early 
as  Sept.  18,  showed  the  presence  of  19^  per  cent,  of  sugar.  The 
average  contents  of  all  the  beets  grown  upon  the  farm  was  16  ^^^  per 
cent,  sugar.  This  is  an  unusually  high  percentage,  and  taken  in  con- 
nection with  the  early  maturity,  will  be  seen  to  present  very  strong 
evidence  of  the  ability  of  Montana  to  produce  sugar. 

Samples  from  other  sources  yielded  some  very  high  results,  as 
high  as  20  per  cent.,  with  an  average  of  143^0^*  That  these  beets  may 
be  kept  without  injury  to  their  sugar  yielding  contents,  is  indicated  by 
the  fact  that  samples  kept  until  Jan.  19^  yielded  an  average  of  17^^  per 
cent.,  and  this  with  no  considerable  amount  of  drying  out.  Samples 
grown  by  the  Manhattan  Malting  Co.  and  tested  in  Germany  showed 
a  similar  condition  to  exist.     These  beets  were  analyzed  in  the  early 
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fail  and  also  in  the  following  February.  They  kept  very  well  and  were 
in  as  good  condition  for  sugar  making  at  the  later  period  as  when  first 
dug. 

A  bulletin  discussing  the  results  of  sugar  beet  experiments  and 
analysis  would  have  been  issued  had  more  cordial  co-operation  in  this 
work  been  given  by  farmers.  Despite  the  fact  that  requests  were  sent 
to  fanners  all  over  the  state  for  their  aid  in  this  investigation,  only 
three  samples  were  received  from  points  outside  the  Gallatin  valley. 
The  results  were  entirely  satisfactory  in  all  points,  except  the  narrow 
distribution  of  the  places  of  planting. 

When  it  is  considered  that  our  ranchmen  have  had  no  previous 
experience  in  the  growing  of  sugar  beets,  the  average  of  14/0V  P®^ 
cent,  sugar  for  all  samples  is  remarkable,  and  this  combined  with  a 
purity  co-efHcient  of  82  per  cent,  makes  a  showing  which  we  would 
have  been  very  glad  to  place  before  the  public  had  the  co-operation 
been  more  general  and  the  conditions  more  varied. 

The  experiments  on  the  effects  of  various  solutions  upon  plants 
were  not  successful  owing  to  uneven  starting  of  the  different  plants. 
An  absolute  essential  to  success  in  this  work  is  to  have  all  conditions 
except  the  character  of  the  solutions  the  same. 

Samples  of  drinking  water  have  been  collected  and  analyzed,  and 
the  results  made  the  basis  pf  a  popular  bulletin  on  drinking  water.  In 
this  bulletin  the  analytical  data  are  discussed  and  precautions  for  secur- 
ing wholesome  water  are  given.  The  analysis  showed  far  better  con- 
ditions to  exist  than  we  had  reason  to  suspect  from  previous  superficial 
inspection,  and  that  with  few  exceptions  the  water  is  of  very  good 
quality. 

The  work  on  the  investigation  of  methods  in  co-operation  with  the 
Association  of  Official  Agricultural  Chemists  has  been  continued  with 
satisfactory  results. 

For  the  first  time  I  have  taken  an  active  part  in  Farmers'  Institute 
work. 

This  work  has  proved  of  great  benefit  to  this  division  on  account 
of  the  opportunity  afforded  for  learning  of  the  conditions  and  practice 
prevailing  in  other  localities. 

Montana  is  such  a  large  state  and  the  climatic  conditions  are  so 
varied  that  it  is  absolutely  essential  to  study  the  different  sections  care- 
fully.    Opportunity  to  do  this  and  at  the  same  time  to  obtain  a  knowl- 
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edge  of  the  views  of  the  farmers  all  over  the  state  is  afforded  by  these 
meetings,  which  are  certainly  of  great  benefit  to  all  taking  part  in 
them. 

I  have  attended  meetings  at  Livingston,  Big  Timber,  Laurel,  Bil- 
lings, Red  Lodge  and  Bozeman,  and  have  given  talks  on  Soil,  Alkali, 
Food,  Principles  of  Feeding  and  miscellaneous  subjects. 

While  at  Laurel  the  principal  subject  of  interest  was  alkali  soil. 
The  Yellowstone  valley  above  Billings,  of  which  Laurel  is  nearly  the 
geographical  center,  is,  in  places,  badly  affected.  It  is  estimated  that 
no  less  than  10,000  acres  are  incapable  of  yielding  crops  on  account  of 
excess  of  alkali  under  present  conditions.  On  the  other  hand,  some  of 
the  finest  crops  I  have  ever  seen  are  grown  in  this  same  valley.  The 
Hesper  farm  has  yields  of  1200  tons  alfalfa  hay  from  250  acres. 

So  important  does  this  subject  appear  that  I  have  to  give  my  atten- 
tion largely  to  its  study. 

Already  samples  are  being  collected  and  analyzed.  The  alkali  is 
the  so-called  < 'white  alkali,''  sodium  sulphate,  or  Glauber' s  salt,  as  was 
suggested  at  the  meetings,  there  being  no  instance  thus  far  of  the 
presence  of  the  more  harmful  **  black  alkali,"  the  highest  percentage  of 
alkalinity  in  any  case  being  but  two  hundredths  of  one  per  cent,  cal- 
culated to  sodium  carbonate  which  is  far  below  the  amount  which  ex- 
perience elsewhere  has  shown  to  be  harmful. 

The  problem  of  successfully  dealing  with  the  alkali  here  is  an 
extremely  difficult  one,  on  account  of  the  low  price  of  the  land,  for  the 
usual  remedy,  underdrainage,  cannot  be  economically  applied  to  land 
costing  but  3  to  12  dollars  an  acre.  Surface  washing  has  been  suggest- 
ed as  a  possible  remedy  and  experiments  on  this  line  will  be  watched 
with  interest. 

A  large  amount  of  general  analytical  work  has  been  done  and 
where  there  is  some  value  to  the  public  in  the  possession  of  the  results, 
no  charge  is  made  for  the  work,  but  in  order  to  protect  ourselves  from 
a  rush  of  work  which  has  no  more  than  a  private  value,  it  has  been 
necessary  to  institute  charges,  which  has  been  done  by  direction  of  the 
Executive  Board. 

At  the  same  time  it  is  our  wish  to  have  analysis  of  soils,  forage 
plants,  cereals  and  general  farm  products  from  all  parts  of  the  state, 
for  these  will  possess  considerable  value,  but  in  every  case  before  send- 
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ing  samples  it  will  be  best  for  the  farmer  to  first  communicate  with  the 
Station. 

The  poisonous  plants  of  the  state  are  being  collected  and  studied 
jointly  with  Dr.  Wilcox. 

Irrigation  waters  from  different  sources,  and  under  different  con- 
ditions, are  being  analyzed,  and  already  some  very  interesting  results 
have  been  obtained. 

My  assistant,  Mr.  Cobleigh,  has  rendered  his  usual  efficient  service. 

THE  NEW  BUILDING. 

We  shall  soon  move  into  quarters  adapted  to  our  needs,  after  hav- 
ing spent  four  years  in  rooms  in  no  way  suited  to  chemical  work.  The 
former  laboratory  was  small,  poorly  lighted,  poorly  ventilated  and 
poorly  heated,  the  new  one  is  quite  the  reverse  being  especially  design- 
ed for  the  purpose  for  which  it  is  to  be  used. 

The  new  home  of  the  Chemical  Department  consists  of  two  stories 
and  basement,  with  two  towers,  in  one  of  which  is  installed  the  record- 
ing metrological  apparatus.  It  is  built  of  pressed  brick  and  while  of 
unpretentious  appearance  is  still  a  handsome  building.  The  ex- 
ternal appearance  was  not  the  prime  consideration;  plans  meeting  the 
various  requirements  being  first  drawn,  and  the  exterior  adjusted  to 
these. 

As  economy  of  space  was  essential,  large  halls  bisecting  the  build- 
ing were  dispensed  with  and  the  space  thus  saved  is  used  for  storage, 
dark  rooms,  etc. 

The  principal  room  used  for  the  Experiment  Station  work  is  the 
general  analytical  laboratory,  fifty-five  feet  by  twenty-four.  This  room 
contains  four  large  working  desks,  with  water  and  gas  conveniently 
distributed;  two  hoods  are  placed  in  the  center  of  the  room  which 
allows  free  access  from  all  sides;  nearly  all  evaporation  is  done  in 
these,  so  that  the  room  is  generally  free  from  objectionable  gases.  A 
smaller  hood  is  used  solely  for  kjeldahl  digestions.  We  are  fortunate 
in  having  sufficient  room  to  allow  the  apparatus  which  is  most  frequent- 
ly used,  to  remain  set  up  in  place,  instead  of  having  to  be  taken  down 
after  each  use  to  make  room  for  other  pieces,  as  was  necessary  in  our 
former  laboratory,  this  results  in  the  saving  of  much  time.  A  storage 
battery  plant  is  provided,  to  afford,  with  the  immersion  and  disc  heat- 
ers, an  opportunity  for  carrying  on  long  time  digestions,  extractions 
and   distillations,    without   danger   of  fire  and   need   of  the   constant 
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attendance  of  the  chemist.     This  is  designed  chiefly  for  night  work. 

In  order  to  be  perfectly  safe  from  the  possible  errors  introduced 
by  the  presence  of  ammonia  in  the  atmosphere,  the  ammonia  and 
nitrogen  determinations  are  made  in  a  room  separated  from  the  general 
laboratory  by  glass  partitions  and  independently  ventilated.  All  titra- 
tions are  made  in  this  room. 

Adjoining  this  room  is  a  smaller  room  used  as  a  balance  room,  it 
receives  only  north  light. 

Two  large  closets  occupying  the  central  portion  of  the  floor  give 
room,  one  for  storage  of  chemicals  and  glassware,  and  the  other  for  a 
dark  room  for  polariscopic  and  photographic  work. 

Across  the  hall  from  the  general  laboratory  is  the  office  and  depart- 
ment reference  library.  The  department  library  contains  an  excellent 
foundation  of  reference  books  in  analytical  chemistry  particularly,  and 
is  a  great  aid  in  research  work.  In  the  basement  is  the  gas  machine  of 
five  hundred  lights  capacity,  which  furnishes  gas  for  light  and  labor- 
atory fuel  purposes  for  the  whole  institution. 

A  two-horse  power  gasoline  engine  furnishes  power  for  running  the 
pulping  and  grinding  machinery  and  the  milk  testers. 

In  the  North  Tower  and  upon  the  roof  is  installed  a  set  of  self- 
recording  meteorological  apparatus. 

A  quadruple  register  by  Frieze,  on  which  is  recorded  wind  velocity, 
wind  direction  at  the  end  of  each  minute,  rainfall  by  the  tipping  bucket, 
rain  gauge,  and  sunshine.  All  these  instruments  are  connected  elec- 
trically to  the  register.  A  Richard's  recording  barograph  records  the 
variations  of  pressure  and  is  checked  daily  by  readings  taken  from  a 
very  fine  mercurial  barometer  made  by  Green.  A  recording  ther- 
mometer occupies  an  instrument  shelter  placed  upon  the  roof. 

The  half  tone  cuts  give  a  general  view  of  the  building,  an  interior 
view  of  part  of  the  general  laboratory  and  floor  plans  of  the  three 
floors. 

On  the  same  floor  with  the  Experiment  Station  laboratory,  is  the 
Chemical  and  Physical  lecture  room  especially  designed  for  demonstra- 
tion lectures.  A  large  desk  provided  with  water,  gas  and  a  hood  stretches 
across  one  end  of  the  room,  a  black-board  is  placed  behind  the  desk  and 
electric  wires  giving  a  considerable  range  in  voltage  and  amperage  are 
conveniently   placed   for  experiment   purposes.     A  very   fine   set   of 
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physical  demonstration  apparatus  is  placed  in  the  adjoining  prepara- 
tion room.     In  chemical  apparatus  we  are  equally  well  supplied. 

A  scientific  lantern  with  a  complete  set  of  accessory  apparatus  is 
placed  at  one  of  the  South  windows  so  that  during  sunshine,  solar  light 
may  be  used  for  projection  purposes,  when  this  source  of  light  fails  we 
have  either  the  electric  arc  lamp,  the  oxy-hydrogen  jet  or  the  acetylene 
burner  available. '  Arrangements  have  been  made  for  quickly  darken- 
ing the  room  whenever  it  is  desired  to  use  the  lantern.  The  regular 
university  chair  with  tablet  arm  for  note  books  is  used  in  this  room  as 
well  as  in  all  other  class  rooms.  A  small  room  on  the  other  side  of 
the  hall  is  used  for  small  classes.  The  second  story  is  used  for  stu- 
dents' laboratory  work  in  chemistry,  physics  and  mineralogy.  The 
desks  and  hoods  are  similar  to  those  shown  in  the  illustration  of  the 
Experiment  Station  laboratory  and  are  fully  equipped  with  apparatus 
and  re-agents.  The  special  feature  of  this  floor  is  the  arrangement  of 
rooms  whereby  the  instructor's  room  is  easy  of  access  from  all  of  the 
student  laboratories.  This  makes  oversight  of  all  the  rooms  possible  and 
renders  consultation  with  the  instructor  convenient  without  passing 
through  other  rooms. 

The  basement  supplies  a  large  well-lighted  room  for  a  museum  of 
applied  chemistry,  geology  and  mineralogy,  and  rooms  for  assaying, 
for  the  preparation  of  samples  for  analytical  work,  and  for  the  storage 
of  duplicate  specimens,  kept  for  exchange  with  other  institutions. 

The  assay  laboratory  consists  of  three  rooms,  the  balance  room, 
the  general  preparation  room  where  each  student  has  his  desk  with 
chemicals,  apparatus  and  pulp  scales,  and  the  furnace  room.  The 
furnace  room,  besides  having  the  gasoline  engine  and  grinding  ma- 
chinery mentioned  elsewhere,  has  four  large  size  Hoskin's  crucible  fur- 
naces, one  No.  5  Hoskin's  crucible  furnace,  three  No.  3  Hoskin's  muf- 
fle furnace,  one  No.  4  Hoskin's  muffle  furnace;  these  all  use  gasolene 
for  fuel.  The  gasolene  is  stored  under  ground  a  considerable  distance 
from  the  laboratory  in  a  1,000  gallon  tank,  and  when  required  is  forced 
into  the  furnaces  by  an  air  pump,  this  pump  is  close  to  the  furnaces. 
When  no  longer  needed  the  pressure  is  removed  and  the  gasolene  flows 
back  into  the  tank.  The  building  is  heated  by  means  of  four  large 
furnaces  located  in  the  sub-basement. 

By  means  of  a  large  fan  placed  in  the  shop,  air  may  be  forced 
through  underground  ducts  into  the  building. 
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A  large  flue  situated  in  the  center  of  the  building  is  connected 
with  each  room  and  the  constant  draught  maintained  in  it  affords  an  * 

excellent  means  of  ventilation.  A  boiler  in  the  sub-basement,  not  only 
supplies  abundance  of  distilled  water  but  also  supplies  steam  for  radi- 
ators placed  in  the  ventilating  flue.  It  will  thus  be  seen  that  no  matter 
what  the  atmospheric  conditions  are  it  is  possible  to  keep  the  atmos- 
phere always  fresh  and  pure  either  by  natural  or  forced  draught.  The 
floor  plans  accompanying  this  description,  together  with  the  legend, 
will  render  it  easy  to  understand  the  arrangement  and  uses  of  the  difier- 
ent  rooms. 

With  the  new  conditions  prevailing  it  will  be  possible  for  us  to 
greatly  increase  the  efficiency  of  the  Chemical  Division. 

Respectfully  submitted, 

F.  W.  Traphagen,  Chemist, 


Thanks  are  due  to  Fred  F.  Willson  for  the  drawings  of  the  chemi* 
cal  building. 

Basement. 

1.  Assay  Balance  Room. 

2.  Janitor's  Room. 

3.  Assay  Laboratory. 

4.  Furnace  Room. 

5.  Sampling  Room. 

6.  Exchange  Room. 

7.  Museum. 

D.  I.     Assay  Desks. 

H.  4.     Hood. 

I.  Grinding  Plate. 

J.  Fraser  &  Chalmer's  Grinding  Machine. 

L.  J.  B.  Low  Ore  Sampler. 

M.  Blake  Crusher. 

N.  2  H.  P.  Gasolene  Engines. 

O.  Bullion  Rolls. 

P.  Muffle  Furnaces. 

Q.  Crucible  Furnaces. 

R.  Milk  Tester. 
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S.  I.     Grain  Grinder. 

G.         Work  Bench. 

S.         Shelves. 

D.8.     Desk. 

T.        Exchange  Table. 

8.        Blower  Room. 

E.  Blower  for  Gas  Machine. 
W.      Weight  for  Blower. 

S.  C.     Storage  Closet. 

A.  I.     Storage  Room  for  Assay  Apparatus  and  Chemicals. 

F.  I,  2  and  3.     Flues. 
Second  Floor. 

16.  Balance  Room. 

17.  Quantitative  Laboratory. 

18.  Instructor's  Laboratory. 

19.  Qualitative  Laboratory. 

20.  Laboratory  for  Blowpipe  Analysis  and  Determinative  Miner- 

alogy. 

21.  Laboratory  for  Sophomore  Physics. 

22.  Laboratory  for  Preparatory  Physics. 
D.  I.     Quantitative  Desks. 

D.  5.     Desk  for  Distillation,  etc. 

H.  4.     Hoods  for  Students'  Use. 

D.  3.     Wall  Desks  for  Instructors. 

D.  4.     General  Work  Desk. 

H.  5.     Instructor's  Hood.  , 

D.  2.     Desks  for  Qualitative  Analysis. 

D.  6.     General  Work  Desk  for  Physics. 

A.  C.     Apparatus  Cases. 
D.  7.     Blowpipe  Desk. 

B.  I.     Ladies'  Cloak  Room. 
B.  2.     Cloak  Room. 

A.  3.     Storage  Closet  for  Quantitative  Apparatus. 

A.  4.     Storage  Closet  for  Qualitative  Apparatus. 

F.  I.     Flue  for  Ventilation  of  Rooms. 

F.  2.     Flue  for  Ventilation  of  Hoods. 

F.  3.     Flue  for  Furnaces  and  Boiler. 

Legend. 

First  Floor. 

9.  Office  and  Department  Library. 

10.  Preparation  Room. 

11.  Chemical  Lecture  Room. 

12.  Balance  Room  for  Experiment  Station  Work. 

13.  Nitrogen  and  Titration  Room. 

14.  General  Laboratory  of  Experiment  Station. 
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The  Grain  Aphis. 

Siphonophora  Aoenae  (Fabr.) 


BY    Dk.     E.    V.    WILCOX. 


The  grain  aphis  has  long  occupied  a  prominent  place  among  the 
enemies  of  the  cereal  crops.  It  attacks  wheat,  oats,  barley  and  rye, 
and  sometimes  grasses  and  a  few  other  plants.  It  is  to  be  found  on 
grain  crops  every  year,  but,  usually,  not  in  such  abundance  as  to  cause 
great  damage.  There  are,  however,  occasional  years  of  serious  in- 
vasions by  this  insect. 

This  periodical  recuirence  of  large  numbers  of  the  pest  is  a  phe- 
nomenon which  has  been  observed  in  the  army  worm.  Rocky  Mountain 
locust  and  many  other  injurious  insects.  To  many  people  it  seems 
little  less  than  miraculous  that  an  insect,  which  for  several  years  has 
not  been  noticed,  should  suddenly  appear  in  such  numbers  as  to 
threaten  the  very  existence  of  some  crops.  We  cannot  wonder  at  a 
widespread  popular  belief  in  spontaneous  generation  as  an  explanation 
of  the  matter. 

The  causes  of  alternating  periods  of  relative  scarcity  and  abund- 
ance of  the  grain  aphis  are  not  easily  stated.  In  fact  they  are  not 
definitely  known.  It  will  readily  be  seen  that  we  cannot  explain  the 
great  prevalence  of  a  particular  insect  at  a  particular  time  without 
knowing  all  the  conditions  which  are  favorable  to  the  development  and 
multiplication  of  that  insect.  We  know  that  the  offspring  of  almost 
any  species  of  msect  would,  if  they  should  escape  their  enemies  and 
should  all  come  to  maturity,  very  soon  run  into  numbers  of  startling 
size. 

Now  the  enemies  of  the  grain  aphis  are  numerous  and  energetic, 
but  they  are  noX  always  equally  numerous.     Furthermore  the  climatic 
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e  sometimes  more  favorable  to  the  grain  aphis  than  at 
If,  therefore,  we  suppose  a  year  in  which  the  climatic 
nditioiis  are  most  favorable  to  the  grain  aphis,  and  in 
nies  are  unusually  scarce,  the  majority  of  the  offspring  of 
come  to  maturity  and  grains  will  be  greatly  damaged. 
I  aphis  like  many  more  of  our  injurious  insects  is  of  Euro- 
Its  distribution,  however,  has  become  worldwide  and  it 
arly  every  grain-raising  section  on  the  globe, 
ct  is  too  well  known  to  require  any  detailed  description. 
iccount  of  its  appearance  should  be  sufficient  to  enable 
ognize  the  grain  aphis  and  to  distinguish  it  from  the  other 
s  of  the  grain  crops. 

1  aphis  belongs  to  the  aphididae  or  family  of  plant-lice. 
ral  other  common  representatives  of  this  family  in  the 
the  green  aphis  of  the  apple  and  the  cabbage  louse, 
th  of  the  mature  grain  aphis  is  somewhat  less  than  one 
ch.  The  color  of  the  insect  varies  exceedingly.  It  may 
ow,  red,  or  brown.  During  the  spring  and  early  summer 
is  is  feeding  upon  the  stem  and  leaves  of  grain,  its  color 
ter  in  the  season,  when  the  heads  of  the  grain  begin  to 
the  aphis  undergoes  corresponding  changes  of  color  and 
rown  and  yellow  individuals.  Each  aphis  bears  a  delicate 
;,  a  pointed  beak,  and  three  pairs  of  legs.  Wings  are 
or  wanting.  On  the  upper  surface  of  the  hinder  portion 
len  are  two  short  projecting  tubes.  These  tubes  cor- 
e  honey  tubes  of  other  plant  lice.  It  is  doubtful,  how- 
ihe  grain  aphis  secretes  any  honey  dew.  At  any  rate  we 
en  them  attended  by  ants. 

>ned  above,  the  grain  aphis  occurs  during  some  years  in 
libers.  During  the  last  season  a  rather  serious  outbreak 
any  parts  of  the  state.  There  were  reports  made  from 
er  Bow,  Ravalli,  Missoula,  Granite,  Park  and  Yellow 
;.  Wheat  and  oats  were  more  infested  than  other  grains. 
;  the  grain  aphis  was  present  in  such  great  numbers  that 
rouble  was  experienced  in  reaping  the  grain,  the  canvas 
would  become  smeared  and  greased  with  the  crushed 
aphis.  It  was  necessary  to  stop  frequently  and  clean  the 
her  parts  of  the  machinery. 
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The  extra  work  in  reaping  the  grain  is,  however,  not  the  chief 
damage  done  by  the  grain  aphis.  As  the  grain  grows  the  insect  moves 
upward  and  at  the  earliest  possible  moment  locates  itself  on  the  heads 
of  the  grain  among  the  kernels.  Here  it  remains  until  the  grain  is  ripe. 
Its  method  of  attack  is  not  by  biting  away  any  part  of  the  grain  but  by 
sucking  out  the  nutritive  juices.  As  to  the  actual  amount  of  injury 
which  is  caused  by  these  insects,  opinions  vary  to  some  extent,  but  the 
general  consensus  of  opinion  is  that  the  damage  is  considerable.  Some 
authorities  say  that  the  damage  amounts  to  from  25  per  cent,  to  50  per 
cent,  of  the  crops  in  cases  where  the  grain  aphis  is  very  abundant.  A 
few  entomologists,  on  the  other  hand,  have  considered  the  attacks  of 
this  aphis  as  of  no  great  significance.  We  firmly  believe  that  the 
presence  of  any  large  number  of  these  insects  upon  the  heads  of  grain 
must  cause  a  serious  drain  upon  the  food  supply  which  otherwise  would 
have  been  stored  up  in  the  kernels. 

Director  Emery  has  suggested  that  we  try  some  experiments  to 
determine  the  exact  amount  of  injury  by  the  grain  aphis.  Such  ex- 
periments will  be  performed  this  season  if  the  aphis  appears  in  large 
numbers.  We  do  not  know  of  any  careful  experiments  with  this  object 
in  view.  Naturally  the  loss  is  not  in  the  number  of  the  kernels  but  in 
their  size  and  weight.  We  noticed  during  last  season  a  considerable 
shrinking  in  the  kernels  of  badly  infested  grain. 

The  life  history  of  the  grain  aphis  is  not  known  in  a  vSatisfactory 
manner.  The  greatest  uncertainty  has  prevailed  as  to  its  whereabouts 
in  winter  and  as  to  its  method  of  passing  the  winter.  Some  have 
maintained  that  in  late  summer  the  aphis  leaves  the  wheat  and  oats  for 
some  unknown  host  plant  and  passes  the  winter  in  an  unknown  state, 
probably  in  the  egg,  to  reappear  in  the  spring  upon  the  young  grain. 
It  has  been  suggested  that  the  winged  females  migrate  to  winter  wheat 
in  the  fall  and  pass  through  the  winter  in  a  frozen  state  on  the  leaves 
of  the  wheat  and  thaw  out  in  the  spring  to  begin  their  activities  anew. 

Webster  tried  by  experiment  to  determine  the  winter  history  of 
this  insect  and  failed.  He  says: — **I  was  wholly  unable  to  keep  them 
3n  young  wheat  plants  growing  in  the  insectary,  after  the  kernels  began 
to  harden  in  the  wheat  heads  in  the  fields  outside.  They  simply  will 
not  stay  on  wheat  during  midsummer." 

Dr.  Fitch  in  1862  says  : — **  I  have  watched  the  grain  aphis  this 
year  round  so  closely  that    I  am   perfectly  assured  that  no  eggs  were 
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laid  and  no  eggs  were  produced.  When  and  under  what  circumstances 
males  occur,  if  they  ever  do  occur,  is  yet  remaining  to  be  discovered." 
Thomas,  in  the  winter  of  1875,  found  what  he  believed  to  be  the  grain 
aphis  on  the  roots  of  winter  wheat.  He  claims  to  have  found  them 
"busy  at  work  under  the  snow." 

Gorman  maintains  that  the  grain  aphis  goes  down  on  the  roots  of 
winter  wheat  in  the  fall.  Hopkins  and  Runisey  say:— "The  winged 
females  deposit  eggs  on  the  young  wheat  in  the  fall;  the  eggs  hatching 
in  the  spring  into  female  lice,  which  soon  give  birth  to  living  youag." 

In  our  own  experience  we  have  not  been  able  to  find  any  males  or 
eggs.  On  the  )^rounds  of  the  Experiment  Station  we  had  opportunity 
to  study  the  habits  of  the  grain  aphis.  On  wheat  the  aphis  was 
present  in  great  numbers.  They  remained  in  full  force  upon  the  wheat 
heads  until  the  wheat  was  cut.  As  soon,  however,  as  the  wheat  be- 
gan to  dry  up,  they  crawled  down  from  the  shocks  and  attacked  the 
clover  which  was  standing  in  the  wheat  stubble.  At  this  time  there 
were  both  winged  and  wingless  females.  The  winged  females,  as  a 
rule,  did  not  fly,  but  crawled  down  upon  the  clover  with  the  wingless 
ones.  As  a  necessary  result  of  this  habit  of  the  grain  lice,  within 
about  twenty-four  hours  after  the  wheat  was  cut,  the  lice  were  to  be 
found  very  abundantly  in  a  circle  around  each  shock.  They  attacked 
not  only  clover  but  also  the  partly  green  leaves  at  the  base  of  the  wheat 
stubble,  as  well  as  jointweed(Polygonum),  pigweed  (Amarantus),  and 
any  green  thing.  As  cold  weather  came  on  they  crawled  into  the  sheaths 
of  the  clover-leaves  and  later  went  down  upon  the  clover  roots.  In  No- 
vember we  found  them  in  considerable  numbers  on  the  clover  roots. 

Along  the  edge  of  another  field  a  single  row  of  winter  wheat  had 
been  sown  in  the  spring.  This  did  not  come  to  head,  and,  at  the  time 
when  the  other  wheat  was  cut,  was  fresh  and  green.  The  grain  aphis 
crawled  upon  this  row  of  green  wheat  in  great  numbers.  They  re- 
mained upon  it  until  late  in  the  fall,  when  part  of  them  hid  themselves 
in  the  leaf-sheaths  at  the  base  of  the  stems,  while  others  crawled  down 
upon  the  roots.  Two  of  their  enemies,  the  larvae  of  a  Syrphus  fly  and 
adult  Ladybirds  followed  them  into  their  retreats  and  passed  the  winter 
with  them. 

As  soon  as  the  frost  was  out  of  the  ground  this  spring,  we  made  a 
search  for  the  grain  aphis.  We  could  find  only  a  very  few  living 
aphides.     But  several  larvae  of  a  Syrphus  fly  were  found  with  the  skins 
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of  grain  lice  still  hanging  about  their  heads,  and  an  incredible  number 
of  Lady  birds  were  present.     Both  the  Syrphus  fly  larvae  and  the 
Lady  bugs  were  crawling  about  on  the  leaves  seeking  out  the  hiding 
places  of  the  grain  aphis. 
y  We  spent  a  few  hours  in  the  early  spring  in  a  field  of  winter  wheat 

which  had  been  seeded  upon  stubble  ground  after  harvesting  a  crop  of 
spring  wheat.  We  succeeded  in  finding  only  five  or  six  grain  lice  but 
fully  as  many  thousands  of  Lady  bugs,  numerous  larvae  of  a  Syrphus 
fly  as  well  as  the  skins  and  remains  of  grain  lice. 

These  observations  do  not  exclude  the  possibility  of  the  existence 
of  males  and  of  egg  laying  females.  Other  plant  lice,  whose  life  his- 
tories are  well  understood,  bring  forth  a  generation  of  males  and  females 
in  the  fall.  After  pairing  and  depositing  eggs  these  individuals  die 
and  the  species  passes  the  winter  in  the  egg  state.  At  least  a  number 
of  the  grain  aphis,  however,  winter  over  as  viviparous  females,  and 
these  begin  to  bring  forth  living  young  in  the  early  spring. 

As  far  as  our  experience  in  the  Gallatin  valley  goes  the  life  history 
of  the  grain  aphis  may  be  briefly  outlined  as  follows: — In  the  early 
spring  the  viviparous  females  which,  have  wintered  over  on  the  roots  of 
winter  wheat  come  up  on  the  leaves.  Here  and  later  upon  the  wheat 
heads  an  indefinite  number  of  generations  are  passed  until  the  wheat 
is  cut.  Then  the  aphis  emigrates  to  oats,  clover,  various  grasses  and 
volunteer  oats  and  wheat  and  finally  to  winter  wheat  upon  which  it 
preferably  passes  the  winter. 

REHEDIES. 

We  shall  speak  first  of  the  natural  forces  which  hold  the  grain 
aphis  in  check.  A  cold  rainy  spring  is  recognized  as  being  unfavor- 
able to  the  rapid  multiplication  of  the  aphis.  But  besides  unfavorable 
climatic  conditions,  this  insect  has  several  enemies  with  which  it 
must  contend.  Not  only  are  the  grain  lice  killed  by  internal  parasites 
but  various  predaceous  insects  feed  upon  them.  On  the  grounds  of 
the  Experiment  Station  we  observed  a  number  of  insects  which  de- 
voured the  grain  lice.  These  were,  in  the  order  of  their  importance, 
Lady  bugs,  Syrphus  fly  maggots,  and  Aphis-lions  (chrysopus).  Of 
the  Lady  bugs  the  following  species,  as  identified  by  the  Division  of 
Entomology  U.  S.  D.  A.,  were  engaged  in  the  destruction  of  the 
aphis: — 
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Hippodamia  13-punctata. 

Hippodamia  parentheris. 

Hippodamia  5-signata. 

Coccinetla  3-fasciata. 

Coccinella  9- no  lata. 

Coccineltatransversalis. 

The  lady  bugs  with  their  hemispherical  bodie: 
colors  are  everywhere  recognized  as  among  the  n 
insect  friends.  The  Syrphus  fly  larvae  are  pale  gn 
flattened  spindle  shape.  They  feed  upon  all  sor 
deserve  recognition  for  their  good  work. 

During  last  season  the  lady  bugs  were  preser 
excess  of  any  previous  observation  we  have  ever  ni 
adults  were  frequently  noticed  on  a  single  head  of 
of  the  lady-bugs  are  also  active  destroyers  of  plan' 
ed  under  boards  and  stones  to  pupate  and  were 
situations  in  masses.  Fifty  larvae  of  a  lady-bug 
under  side  of  a  sheep  skull.  The  larvae  were  pr 
their  metamorphosis.  In  all  sorts  of  situations  th 
adult  and  larval  condition  were  observed  in  quite 
They  passed  the  winter  along  with  the  grain  aphis 
in  abundance  this  spring.  They  seem  to  be  partic 
winter  wheat. 

It  is  somewhat  unsafe  to  make  predictions  at 
the  grain  aphis,  but  we  believe  that  the  aphis  will  i 
numbers  this  season  as  during  the  last  season.  1 
less  favorable  to  their  development  and  their  enenr 
on  the  lookout  in  great  numbers. 

We  shall  now  consider  the  question  of  artificial  1 
in  his  report  for  1896,  says:  "No  special  treati 
mended  for  the  grain  plant  louse,  nor,  as  a  rule,  is 
sary,  for  the  natural  parasites  suffice  to  keep  it  in  1 
remedies,  however,  have  been  suggested  by  vari 
subject. 

Wherever  the  farmer  has  an  efficient  spraying 
would  be  required  tor  work  in  a  large  orchard,  expe 
that  kerosene  emulsion  and  tobacco  water  are  gooc 
method  is  adopted,  the  spraying   should  be  done 
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before  the  grain  has  headed.  After  the  aphides  have  once  gotten 
among  the  chaff  of  the  grain  heads  it  is  difficult  to  reach  them  all  with 
an  insecticide.  Gorman  recommends  also  "freshly  slacked  lime  with 
a  little  crude  carbolic  acid  added,  to  be  sown  broadcast  on  infested 
wheat  or  oats."  Dr.  Fitch  suggested  the  use  of  chloride  of  lime  dust- 
ed over  the  plants. 

Dr.  Lintner,  in  speaking  of  remedies  for  the  grain  aphis,  says: — 
«*We  are  compelled  to  admit  that  no  method  has  been  discovered  by 
which  its  formidable  attack  upon  a  grain  crop  can  be  arrested." 

On  this  same  subject  Cook  remarks: — **Not  only  are  the  artificial 
remedies  impracticable,  because  of  necessary  lack  of  thoroughness, 
but  they  are  also  undesirable;  because  of  the  large  damage  that  is  done 
to  the  grain  in  their  use.  We  cannot  drive  through  a  grain  field  with- 
out causing  serious  destruction  to  the  crop." 

Dr.  Renter,  of  Finland,  states  that  artificial  remedies  in  that 
country  have  failed  to  be  satisfactory.  In  our  opinion  the  best  sug- 
gestions in  the  way  of  remedies  have  been  made  by  Washburn.  This 
author  advises  to  burn  the  stubble  immediately  after  harvest,  to  culti- 
vate the  soil,  removing  all  grass  and  weeds,  and  not  to  raise  a  grass  or 
grain  crop  on  the  same  land  the  next  year. 

Within  twenty-four  hours  after  the  wheat  had  been  cut  we  found 
myriads  of  the  aphis  on  the  stubble,  clover  and  weeds.  There  the 
lice  remained  for  about  ten  days.  Evidently  great  numbers  of  them 
would  have  been  destroyed  by  burning  the  stubble,  and  we  would 
recommend  it  wherever  practicable. 

As  already  mentioned,  after  the  wheat  was  cut,  the  lice  fed  upon 

clover,  several  grasses  and  a  few  weeds  such  as  Polygonum  and  Ama- 

rantus,  as  well  as  upon  volunteer  wheat  and  oats.     It  is  apparent, 

therefore,  that  if  the  ground  were  thoroughly  cultivated  soon  after 
harvest  and  all  grass,  volunteer  oats  and  wheat,  and  weeds  in  and 
around  the  iield  were  destroyed,  the  majority  of  the  lice  which  were 
upon  such  plants  would  be  killed. 

Moreover,  if  no  grass  or  grain  crop  were  raised  on  the  field  during 
the  year  succeeding  a  bad  infestation  by  the  grain  aphis,  no  suitable 
food  plaAt  would  be  found  by  the  aphides  which  succeeded  in  passing 
the  winter  on  the  ground.  It  would  seem  especially  unadvisable  to 
sow  winter  wheat  directly  into  a  stubble  field  without  cultivation,  or 
upon  ground  where  volunteer  oats  or  wheat  had  been  growing.  In 
short  we  believe  that  the  habits  of  the  grain  aphis  give  us  one  more 
argument  in  favor  of  clean  cultivation  and  a  proper  rotation  of  crops. 
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An   Army  Cut-worm. 

BY    DR.     E.    V.    WILCOX. 

During  the  first  part  of  May  of  the  current  year 
specimens  of  a  supposed  army  worm  from  the  Miss 
Specimens  and  letters  concerning  the  same  were  receivec 
Edwards  and  H.  C.  B.  Colvill.  We  visited  Missoula  a  fe' 
ward  and  found  a  serious  outbreak,  not  of  the  true  army 
eastern  and  southern  states,  but  of  another  species  of  cu 
the  army  worm  habit.  This  cut  worm,  as  identified  by  t 
of  Dr.  L.  O.  H^ard,  is  Chorizagrotis  agrestis. 

So  far  as  could  be  elicited  by  inquiry  from  the  people 
ity  of  the  outbreak,  the  insect  had  not  been  noticed  be 
locality.  No  one  remembered  having  seen  it  in  the  catei 
It  was  reported  that  a  large  number  of  moths  presumat 
worm  had  been  found  in  the  globes  of  the  electric  street  li 
late  summer  of  the  preceding  year.  Otherwise  the  cut  wc 
to  be  looked  upon  as  an  entirely  unheralded  and  unexpecte 

The  distribution  of  this  insect  in  the  state  is,  so  far  as 
rather  limited.  We  have  neither  seen  specimens  nor  heart 
of  it  from  any  other  part  of  the  state  than  the  Missotili 
Root  valley.  It  occurred  abundantly  in  Missoula  on  both 
river.  In  south  Missoula  the  cut  worms  quite  largely  di 
pIeasure;of  walking,  for  they  crawled  about  on  the  stree 
walks  in  great  numbers.  The  caterpjllars  were  tramped  i 
almost  every  step  and  were  crushed  by  the  wheels  of  ■ 
bicycles.  Inside  of  the  city  limits  the  caterpillars  were 
the  march  day  and  night. 

In  the  Bitter  Root  valley  they  were  found,  so  far  as  v 
cover,  only  on  the  east  side  of  the  river.  A  careful  searc 
soula  to  Hamilton  revealed  none  on  the  west  side.  Along 
of  the  river  they  were  observed  in  about  a  dozen  tocahties, 
organized  army  was  present  except  in  one  of  these  places. 

In  all  localities  the  cut  worm  was,  or  had  been  during 
almost  equally  abundant  on  the  foot  hills  and  in  the  bottor 
was  impossible  to  say  with  absolute  certainty  in  any  case 
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army  originated  in  irrigated  or  unirrigated  lands.  Nor  could  it  be  de- 
termined whether  the  insect  marched  from  the  foot  hills  into  the  valley 
or  from  the  valley  into  the  foot  hills.  The  indications  were,  however, 
strongly  in  favor  of  the  former  supposition.  No  one  in  the  infested 
localities  remembered  to  have  seen  the  insect  in  any  considerable 
numbers  before,  and  we  were  everywhere  confronted  with  the  question 
where  it  had  come  from. 

The  curiosity  of  the  general  public  is  always  much  aroused  by  the 
periodical  abundance  of  certain  insects.  The  recurrence  of  plagues  of 
insects  has  been  noticed  and  remarked  upon  in  the  case  of  several  well 
known  species.  The  occurrence  of  the  broods  of  the  Periodical  Cicada 
at  long  regular  intervals  is  readily  explainable  as  due  to  the  long  life 
of  the  Cicada  in  an  immature  stage.  In  the  case  of  insects,  however, 
which  occur  annually  the  problem  is  quite  different.  Reference  has 
already  been  had  to  this  question  in  discussing  the  grain  aphis. 

From  the  evidence  at  hand  we  believe  that  our  army  cut  worms 
had  been  living  on  the  foot  hills  in  unpretentious  but  steadily  increas- 
ing numbers.  Under  such  circumstances  abundance  of  food  would  be 
found  where  the  eggs  were  hatched  and  the  caterpillars  would  not  be 
forced  to  migrate  in  quest  of  other  food-plants.  When,  however,  for 
any  reason,  as  happened  during  this  year,  their  numbers  should  be 
greatly  increased,  the  food  in  the  immediate  vicinity  of  the  hatching  of 
the  caterpillars  would  soon  be  exhausted  and  they  would  be  compelled 
to  move  to  new  feeding  grounds.  Since,  moreover,  they  possess  by 
no  means  fastidious  tastes  they  attack  almost  any  cultivated  crop  with 
which  their  line  of  march  brings  them  in  contact. 

Several  insects  when  occurring  in  unusual  numbers  have  assumed 
the  army  habit  and  have  thus  acquired  for  themselves  the  appellation 
*'army  worm."  On  the  other  hand  the  true  army  worm  when  much 
reduced  in  numbers  does  not  march  in  armies  and  behaves  very  much 
like  other  cut  worms.  It  has  frequently  been  asked  why  caterpillars 
when  travelling  in  armies  should  all  have  a  common  direction  of  march. 
To  this  question  it  would  seem  to  be  sufficient  to  reply  that  it  is  the 
only  economic  way  for  them  to  march,  the  only  method,  in  fact,  by 
which  they  do  not  interfere  with  one  another  and  hinder  the  passage 
of  one  another.  In  no  other  way  could  the  worms  all  be  headed  to- 
ward fresh  feeding  grounds. 
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■endy  referred  to  the  fact  that  the  catei 
ot  at  all  particular  as  to  what  they  eat 
iding  upon  a  large  variety  of  plants.  Th 
ncludes  the  following  species:— Clover,  li 
:,  horse  radish,  radish,  mustard,  turnip 
bluejoint,  red-top,  wheat,  oats,  rye,  bt 
actus,  beets,  strawberry,  cherry,  apple,  p< 
spberry,  currant,  gooseberry,  blackberry 
otato,  onion,  avens,  larkspur,  rhubarb,  di 
grasses.  Their  dietary  is  not  even  confi 
^astated  grain  field  we  found  them  eagei 
and  the  dry  roots  of  various  weeds.  W 
exhausted  they  turn  upon  one  anothei 
3st-holes  we  observed  masses  of  them  wh 
:  another  for  two  weeks, 
habits  of  this  cut-worm  are  like  those 
long  as  the  food  is  abundant  they  feed  j 
n  concealed  during  the  day  in  the  groi 
During  cloudy  days  they  usually  com. 
however,  they  are  not  to  be  seen  until 
evening  when  they  emerge  from  their  h 
scarce  they  are  to  be  seen  eating  at  mii 

ny  worm  this  insect  has  the  habit  of  < 

nd,  or  rather  all  tender  parts  of  the  plan 

Some  other  species  of   cut-worms   ha 

lereiy  cutting  off  their  food  plants  close  t 

cut-worms  which  appeared  on  the  nort 
IS  the  one  which  did  most  damage  and 

most  carefully.  The  worms  appeared  ai 
le  first  week  in  May  when  we  visited  the 
e  miles  in  a  northwest  direction,  doing 

the  line  of  march, 

the  territory  which  was  traversed  .during 

native  grasses  which  did  not  seem  much 
;.  One  flank  of  the  army  passed  throug 
!  graves  of  their  green  covering  in  a  nig 
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structive  power  of  the  army,  however,  was  not  suspected  until  it  arriv- 
ed at  young  fields  of  grain.  Here  an  aggressive  campaign  was  organ- 
ized and  results  were  produced  which  could  not  fail  to  bring  conster- 
nation to  the  farmer.  The  rate  of  march  varies  exceedingly  and  de- 
pends, in  the  absence  of  physical  barriers,  almost  entirely  on  the 
number  of  the  caterpillars  and  upon  the  quantity  and  quality  of  food 
to  be  found. 

Mr.  John  Richlie  was  the  chief  sufferer.  In  an  incredibly  short 
space  of  time  the  cut-worms  ate  up  forty  acres  of  young  oats  belong- 
ing to  this  one  farmer.  The  oats  stood  about  four  inches  high. 
The  worms  ate  every  stem  of  grain  and  left  the  ground  perfectly  bare 
behind  them.  They  ate  not  only  all  that  was  above  ground  but  ate  the 
grain  down  to  the  depth  of  one  inch  below  the  surface  of  the  soil. 
The  ground  looked  as  if  it  had  been  summer  fallowed.  Not  a  sign  of 
the  crop  was  to  be  seen  and  during  the  middle  of  the  day  no  cut-worms 
were  in  sight.  By  removing  the  first  inch  of  soil,  however,  we  were 
able  to  find  from  fifteen  to  forty  worms  to  the  square  foot.  At  about 
sunset  the  caterpillars  emerged  from  the  ground,  and  then  constituted 
a  formidable  and  destructive  army. 

The  farmers,  as  might  be  supposed,  were  anxious  to  know  how  to 
defend  themselves  against  the  attacks  of  these  enemies.  Rolling  the 
fields  had  already  been  tried,  but  the  rolling  had  been  done  in  the  day 
time  and  as  the  worms  were  at  the  time  hidden  beneath  the  soil  the 
pressure  was  found  insufficient  to  crush  them  and  they  escaped  without 
injury.  In  order  to  be  effective  such  a  remedy  must  be  applied  at 
night  when  the  worms  are  on  the  surface.  At  first  we  advocated  this 
to  some  extent  but  other  less  expensive  and  more  effective  remedies 
were  soon  devised. 

One  of  these  was  the  use  of  running  water  in  ditches.  This 
method  gave  good  results,  and  when  properly  and  carefully  executed 
is  perhaps  the  simplest  and  most  efficient  means  of  combatting  insects 
with  habits  such  as  those  of  the  cut-worm  under  discussion. 

A  ditch  should  be  plowed  through  the  field  somewhat  in  front  of 
the  advancing  army.  The  ditch  should  be  so  laid  out  that  the  fall  is 
considerable  and  as  regular  as  possible.  It  is  advisable  to  make  the 
banks  of  the  ditch  as  steep  and  smooth  as  may  be.  There  should  be 
no  sharp  curves  or  other  obstruction  which  might  produce  an  eddy  or 
dead  water^     The  width  ought  to  be  not  less  than  a  foot  at  the  bot- 
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torn.  The  water  should  be  about  six  inches  deep  and  the  ditc 
not  to  be  level  full. 

In  our  experience  these  precautions  were  found  necessary 
to  make  the  remedy  operate  as  desired.  The  first  ditch  wh 
plowed  did  not  have  a  perfectly  regular  fall.  In  consequent 
there  were  places  in  the  ditch  where  the  water  moved  very  s 
came  almost  to  a  standstill.  At  such  points  the  worms,  wl 
marched  into  the  water  and  were  being  carried  along,  sank  to 
torn  and  filled  up  the  ditch  until  the  sides  gave  way  and  bii 
worms  floated  out  into  the  hitherto  uninfested  portion  of  tl 

We  found  it  indeed  unsafe  to  leave  such  a  ditch  unpati 
more  than  ten  hours.  The  ditch  was  sure  to  become  obstructe 
mass  of  worms  lying  on  the  bottom.  Where  the  worms  are  a: 
ant  as  they  were  in  this  field  it  is  necessary  to  keep  the  ditc 
constant  observation.  If  the  cut-worms  accumulate  in  tc 
quantities  they  must  be  shoveled  out  and  destroyed. 

By  way  of  giving  a  reason  for  such  advice  we  may  perh 
relate  a  pan  of  our  experience  with  the  use  of  ditches.  W 
army  of  cut-worms  came  to  the  ditch  they  walked  deliberately 
water  and  were  carried  away  with  the  current.  The  vast  ma 
them  soon  sank  to  the  bottom  of  the  ditch  at  points  where  the 
was  less  rapid.  Now  at  first  thought  it  would  seem  that  he 
simple  solution  for  the  whole  problem.  Not  so.  The  ditch  : 
came  dammed  up  at  various  points  by  the  bodies  of  the  wo 
side  wall  gave  way  and  bushels  of  nearly  stupified  worms  flo 
into  the  grain.  Here  they  soon  reached  dry  ground  and  it  imnr 
became  necessary  to  run  another  ditch  inside  of  the  first  one 
the  field  in  order  to  slop  the  invasion.  The  same  accident  h 
time  and  time  again  and  new  ditches  were  required.  In  this 
enemy  kept  constantly  advancing  and  the  owner  of  the  grain  wa 
to  retreat  behind  other  ditches. 

According  to  our  experience  it  is  necessary  not  only  to  havt 
ditches  with  a  regular  fall,  but  also  to  shovel  out  the  worms  o 
ally  where  there  is  danger  of  their  damming  the  stream.  N( 
all.  The  worms  should  be  killed.  By  actual  experiments 
termined  thai  a  large  proportion  of  the  worms  reniained  ali 
submerged  in  water  for  forty-eight  hours  and  some  few  kept 
three  days.  The  apparently  dead  worms  from  the  bottom  of  t 
began  to  move  within  a  few  minutes  after  they  were  exposed  tc 
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The  cut-worms  hesitate  at  nothing  that  lies  in  their  pathway. 
They  accordingly  all  crawl  into  the  ditch.  About  95  per  cent,  of  the 
worms  which  get  into  the  water  sink  to  the  bottom.  The  remaining 
few  float  upon  the  surface  and  succeed  in  crawling  out  on  one  side  or 
the  other.  We  observed  worms  crawl  into  a  ditch  and  then  escape  on 
the  opposite  side  after  floating  for  over  half  a  mile.  From  such  ob- 
servations it  is  evident  that  the  worms  might  cross  water  courses  of 
considerable  width.  A  large  army,  however,  can  be  stopped  and  almost 
entirely  destroyed  by  a  stream  of  water  eighteen  inches  wide.  A  ditch 
is  thus  seen  to  be  a  very  effective  remedy  although  it  does  not  offer  an 
absolute  barrier  to  every  worm.  At  least  90  per  cent,  of  the  worms 
may  be  killed  by  a  proper  application  of  the  method. 

The  immense  number  of  the  cut-worms  was  all  that  prevented  this 
remedy  from  being  entirely  successful  at  the  beginning  of.  the  attack.  • 
We  may  say  without  exaggeration  that  several  wagon  loads  of  worms 
were  drowned.  At  one  place  for  a  distance  of  about  two  hundred  and 
fifty  feet,  where  the  ditch  averaged  two  feet  in  width,  the  cut-worms 
lay  on  the  bottom  in  a  solid  mass  of  the  thickness  of  from  six  inches 
to  one  foot.  The  many  miles  of  irrigation  ditches  in  the  vicinity  show- 
ed cut-worms  under  water  all  along  their  length.  It  is  therefore  im- 
possible to  estimate  the  enormous  quantities  of  them  which  were  de- 
stroyed in  this  way. 

Where  the  worms  had  escaped  by  the  breaking  out  of  the  ditch  in 
the  manner  described  above  we  recommended  to  Mr.  Richlie  that  he 
use  Paris  green  in  making  a  poisoned  bait.  He  accordingly  cut  some 
clover,  dipped  it  in  a  strong  solution  of  Paris  green  (j4  pound  to  25 
gallons  of  water),  and  spread  in  a  line  in  front  of  the  advancing  column 
of  worms.  We  did  not  have  time  to  await  the  results  of  this  experi- 
ment. Mr.  Richlie,  however,  was  more  pleased  with  this  than  with 
any  other  remedy.  He  reported  that  it  was  entirely  successful.  The 
whole  advancing  line  of  worms  was  destroyed.  As  many  as  sixty  dead 
worms  to  the  square  foot  were  found  under  the  poisoned  bait. 

At  another  place  in  the  Missoula  valley  we  found  a  remedy  in  use 
which  was  not  very  successful  and  for  still  other  reasons  is  not  to  be 
recommended.  This  method  consisted  in  simply  irrigating  the  in- 
fested fields.  Very  little  can  be  said  in  favor  of  this  procedure. 
Nearly  all  of  the  worms  endure  with  impunity  a  thorough  irrigation  of 
two  days  duration.     But,  more  than  this,  it  is  well  known  that  until 
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*he  grain  shades  the  ground  it  is  somewhat  dangerous  to 
eavity,  excepting  perhaps  io  the  case  of  loose  gravelly  soils. 

While  we  believe  that  the  remedies  which  we  used  are  t 
Sective  against  the  cut-worms,  it  may  be  well  briefly  to  refer  ti 
thcr  methods  which  have  been  applied  to  the  army  worm.  Ti 
ig  uver  of  grass  lands  known  to  be  infested  with  the  worm 
robably  be  effective  if  done  in  early  spring  or  late  fall. 

Where  water  is  not  to  be  had  conveniently  ditches  may  be 
ith  a  perpendicular  wall  toward  the  part  of  the  field  to  be  pr 
hen  as  the  ditches  are  filled  with  the  worms,  they  may  be  cle 
illing  the  worms  with  kerosene  or  otherwise  and  shoveling  tl 
irdeep  holes  may  be  dug  at  intervals  in  the  bottom  of  the  ditt 
le  worms  may  then  be  crushed  as  they  fall  into  these  holes. 

Another  remedy,  which  was  suggested  by  Dr.  Riley,  coi 
:tting  up  a  line  of  boards  on  edge  and  then  smearing  ths  boari 
le  upper  edge  with  kerosene  or  coal  tar.  If  the  worms  should 
I  pile  up  so  as  to  be  able  to  crawl  over,  they  may  be  dosed  wi 
;ne  and  shoveled  away  from  the  boards. 

A  narrow  strip  of  the  crop  in  advance  of  the  army  may  be 
ith  Paris  green  or  London  purple,  or  the  worms  may  be  di 
Irectly  by  spraying  a  strong  kerosi;ne  emulsion  upon  them. 

Sirrine  recommends  as  a  poisoned  bait  the  use  of  equal 
ran  and  midlings  in  the  proportion  of  twenty  pounds  of  the 
)  one  pound  of  Paris  green.     It  is  most  effective  if  used  dry. 

Besides  field  crops  the  cut-worms  attacked  gardens.  Wi 
:veral  gardens  where  beets,  onions,  radishes  and  strawbert 
isappeared  in  a  single  night  as  if  by  magic.  Here  the  polso 
>uld  be  used  to  advantage,  or  the  crops  could  be  sprayed  wi 

On  the  east  side  of  the  Bitter  Root  valley,  near  Florence, 
orms  attacked  an  orthard  of  forty  acres  of  young  trees.  The 
ad  been  thoroughly  cultivated  and  there  was  not  a  green  thin 
eld  except  the  buds  of  the  trees.  These  the  worms  attack 
I'idity,  boring  into  the  young  stems  to  tht  depth  of  one-h 
hey  took  the  lower  buds,  and  not  all  the  buds  on  any  one  tr 
estroyed.  The  damage  was,  therefore,  confined  to  a  sort  of  i 
Tuning.     Food  was  so  scarce  in  this  field  that  the   worms   w( 
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lay  and  night.  In  this  case  a  trap  crop  of  grain  heavily 
Paris  green  would  have  protected  the  orchard.  '  The 
:r,  .was  unexpected  and  the  damage  was  done  before  a 
y  could  be  devised.  Shonid  another  outbreak  occur  we 
end  the  use  of  irrigation  ditches  to  repel  the  invaders, 
under  discussion  is  of  the  ordinary  cut-worm  type  and 
igly  in  general  coloration.  The  caterpillar  attains  the 
inches  when  full  grown.  It  is  nearly  smooth,  having 
rt  hairs  scattered  along  its  body.  The  ground  color  of 
is  from  light  green  to  a  dark  brown.  There  are  alter- 
linal  right  and  dark  bands  along  the  side.  This  species 
uble-brooded  in  Montana  and  the  second  brood  may  be 
e  summer.  The  insect  winters  over  mostly  in  the  cater- 
i  the  worms  begin  operations  early  in  the  spring.  In 
:  it  is  a  brown  moth  with  gray  markings  having  a  Wing 
>ut  one  aad  one  quarter  inch. 
cultivated  fields  the  cut-worms  were  also  very  much  in 
de  from  the  ordinary  garden  and  field  crops  their  favor- 
seemed  to  be  the  so-called  "wild  sunflower"  (Balsam- 
ta)  and  avens  (Geum  triftorum).  fn  May  the  wild  sun- 
he  hills  with  its  luxuriant  leaves  and  large  yellow  flow- 
it-worm  army  marched  along  the  hillsides  they  Iftft  no 
Lrild  sunflower  behind,  and  from  a  distance  of  several 
d  see  the  sharp  line  of  demarcation  between  the  devas- 
tuched  areas  and  could  thns  easily  determine  the  direc- 
and  whereabouts  of  the  various  armies  of  worms, 
orms  seemed  to  manifi^st  an  especial  fondness  for  the 
:actuK.  The  caterpillars  ate  their  way  into  the  thick 
ictus  and  devoured  the  pulpy  mass,  leaving  a  mere  shell. 
y,  however,  on  the  part  nf  the  worms  caused  the  death 
em.  We  found  hundreds  of  them  which  had  died  after 
tricably  entangled  in  the  ^ijijnes  of  the  cactus, 
vorm  has  numerous  nntur.-il  enemies.  We  observed 
lund  beetles  iHarpalus  aiul  Calosoma)  as  well  as  the 
es  ((jyriniis  and  Dyneutfs )  attacking  the  caterpillars  in 
Many  a  ground  beetle  was  to  b<^  seen  making  a  meal  out 
r  as  they  both  floated  down  the  stream.  Unfortunately 
;les  were  drowned  while  pc-rtorming  this  difficult  feat,  hut 
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they  were  in  search  of  the  caterpillars  in  and  out  of  the  ditches  and 
doubtless  had  considerable  effect  in  reducing  their  numbers.  The 
whirligig  beetles  made  a  vigorous  attack  upon  the  worms  when  they 
fell  into  the  ditches. 

But  besides  predaceous  and  parasitic  insect  enemies  the  birds  did 
their  share  of  the  destruction  of  the  cut- worms.  The  black  bird,  robin, 
crow  and  meadow  lark  were  seen  to  eat  the  caterpillars.  Domestic 
poultry  also  had  learned  the  advantages  of  a  cut-worm  diet. 

We  believe  that  their  numerous  enemies  have  greatly  reduced  the 
numbers  of  the  cut- worms  and  therefore  do  not  expect  that  the  attack 
next  year  will  be  nearly  so  serious  as  that  of  the 'present  season.  It 
would  not  be  wise  however  to  neglect  all  precautions,  and  we  would 
urge  that  should  the  cut-worms  appear  next  spring  in  alarming  num- 
bers, the  most  convenient  one  of  the  above  mentioned  remedies  be  ap- 
plied immediately  after  the  appearance  of  the  caterpillars. 

The  figures  accompanying  this  account  are  from  photographs  by 
Le  Roe  Emery  who  rendered  other  valuable  assistance  in  investigating 
the  outbreak  of  cut-worms. 

Fig.  I.  shows  the  worms  lying  in  the  bottom  of  a  ditch.  They 
were  lying  lengthwise  of  the  stream.  Since  the  worms  were  about 
three  inches  beneath  the  surface  of  the  water  considerable  difficulty 
was  experienced  in  photographing  them. 

Fig.  2.  shows  a  view  of  a  portion  of  a  heap  of  worms  which  had 
been  shoveled  out  of  a  ditch. 
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The  Alkali  Soils  of  flontana. 


F.    W.    TRAPHAGEN. 


INTRODUCTION. 

By  the  term  "Alkali  Soil"  is  meant  any  soil  in  which  excess  of 
mineral  salts  soluble  in  water  is  present. 

The  salts  which  most  commonly  are  present  in  alkali  soils  are  the 
sodium  carbonate,  or  *•  Sal  Soda,"  which  gives  rise  to  ''Black  Alkali,'* 
and  the  sulfates,  mainly  of  soda,  which  form  the  **  White  Alkali." 

The  former  is  present  in  but  few  localities,  and  in  small  quantity, 
in  Montana,  while  the  latter  is  widely  distributed  and  exists  in  large 
quantities  in  many  localities. 

THE  FORMATION  OF  SOIL. 

Soils  are  formed  by  the  disintegration  of  rocks.  This  disintegra- 
tion is  effected  by  various  agencies;  for  example,  by  frost;  by  wind 
blown  sands;  by  the  erosive  power  of  water  and  ice;  by  the  solvent 
power  of  water,  especially  when  aided  by  the  presence  of  carbonic 
acid  gas;  by  the  chemical  action  of  the  atmosphere,  and  by  other 
means. 

The  soil  remaining  after  the  action  of  these  agents  is  that  portion 
oi  the  more  or  less  finely  ground  material  of  the  original  solid  rock, 
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which  is  best  able  to  resist  the  solvent  action  of  the  ever  present 
water. 

In  its  earlier  stages  the  soil  may  consist  of  these  finely  ground 
relatively  insoluble   materials,   with  a  solution  of    the  more  soluble 
S    '    materials  thoroughly  permeating  its  pores. 


ORIGIN  OF  ALKALI. 


All  substances  are  more  or  less  soluble  in  water,  some  in  a  very 
^       slight  degree, 'as  is  the  case  with  barium  sulfate,  which  requires  for  the 
solution  of  one  ounce  four  hundred    thousand  ounces  of  water;  and 
some  are  extremely  soluble,  as  sodium  sulfate  one  part  of  which  is  so- 
luble in  two  and  one-third  parts  of  water  at  the  ordinary  temperature. 

In  the  process  of  rock  disintegration  it  is  rarely  that  any  one  of 
the  disintegrating  agents  acts  alone;  usually  one»agent  aids  another. 

When  granite  yields  to  the  effects  of  frost  its  different  constitu- 
ents, quartz,  feldspar  and  mica,  are  affected  in  varying  degrees  by  the 
water  which  is  always  present  in  greater  or  less  quantity.  The  rela- 
tively insoluble  quartz,  being  composed  of  silica,  which  is  one  of  the 
least  soluble  of  substances,  after  the  action  of  the  solvents,  is  left  be- 
hind in  granules;  the  feldspar  which  contains  considerable  amounts  of 
potash  or  soda,  or  both,  is  readily  attacked  by  the  solvent,  which  is 
usually  water  containing  carbonic  acid  gas,  forming  with  it  carbonates 
which  are  easily  soluble  in  water,  and  leaving  the  feldspar  changed 
into  clay;  the  mica  is  affected  in  a  similar  way. 

Limestone  is  decomposed  rapidly  by  water  containing  carbonic 
acid  gas  which  takes  into  solution  the  lime,  and  leaves  behind  the  less 
soluble  silica  and  clay,  which  are  the  usual  impurities  of  limestone. 
If  there  be  small  quantities  of  the  alkalies,  potash  or  soda,  they  are  at 
the  same  time  changed  into  soluble  carbonates  with  the  lime. 

After  these  substances  are  changed  partly  into  soluble  materials, 
we  have  a  mass,  which  usually  consists  of  sand  and  clay,  saturated 
with  solutions  of  the  soluble  matters. 

If  the  change  has  taken  place  in  humid  regions,  the  excess  of 
water  rapidly  washes  out  the  soluble  materials  and  carries  them  to  the 
sea.  If,  on  the  other  hand,  the  soil  has  been  formed  in  arid  regions,, 
no  such  agent  is  present  to  remove  the  carbonate  of  soda,  for  example,, 
and  there  it  remains,  to  be  in  time  concentrated  on  the  sur(4ce  to  fprn)^ 
''Black  Alkali. '' 
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SOURCE  OF  THE  ALKALI. 

My  friend,  Mr.  Walter  Harvey  Weed,  in  charge  of  the  U.  S.  Geo- 
logical Survey  work  in  Montana,  who  is  more  familiar  with  the  geology 
of  this  State  than  any  other  person,  suggested  the  probability  of  the 
source  of  the  alkali  in  Montana  localities  being  found  in  the  Fort 
Benton  shales,  which  were  deposited  in  presence  of  salt  or  brackish 
water.  This  view  was  advanced  with  special  reference  to  the  alkali 
about  Billings,  but  will  be  found  to  fit  many  other  localities. 

To  test  the  accuracy  of  this  opinion,  I  took  samples  along  the 
bluffs  of  the  Yellowstone  river  opposite  Billings,  where  there  are  fine 
exposures  of  the  Fort  Benton  shales. 

The  following  results  will  show  how  well  Mr.  Weed's  theory  is 
supported  by  the  facts,  for  it  is  to  be  remembered  that  the  soils  of  the 
Yellowstone  Valley  at  this  point  owe  their  origin  largely  to  the  disin- 
tegration of  these  shales.  The  analyses  are  of  the  material  before  it 
has  become  completely  disintegrated: 

Percent  of  Alkalinity 
Percent  of  Sodium  in  terms  of  Sodinm 

Lab.   No.  «41.     Ordioary  material  of  ^°"**'  CarDon.te. 
Ihe  bluffs  opposite  Billings,  represeut- 
iDg  the  products  of  the  partiiil  disin- 
tegration of  the  shales.    Moist  1 .08  .08 

Lab.  No.  642.  UecompoHed  Fort  Ben- 
ton shales  from  bluffs  opposite  Bil- 
lings   1.17  .08 

Lab.  No.  643.  Slide  mud  00  bluffs  op- 
posite Billings,  all  coated  with  white 
powder 2.02  .08 

Lab.  No.  644.  Brick  clay  from  top  of 
bluffs  opposite  Billings — used  for  mak- 
ing brick 1.66  .08 

It  has  been  suggested  that  the  water  used  for  irrigation  might 

bring  large  quantities  of  alkali  upon  the  land  irrigated  by  it,  but  this 

is  not  the  case,  for  the  irrigating  wiater  obtained  from  the  Yellowstone 

river  is  very  free  from  alkali  salts. 

THE  GROUND  WATER. 

At  a  certain  depth,  varying  in  different  localities,  we  find  a  point 
about  which  the  water  level  fluctuates,  sometimes  the  water  line  is  be- 
low it,  as  is  the  case  in  dry  weather,  sometimes  the  water  rises  above 
its  average  height;  especially  is  this  true  during  the  period  of  heavy 
spring  rains.     The  water  penetrates  the  soils,  occupying  all  the  inter- 
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le  point  just  mentioned,  and  the  irregular  plane  connect- 
loints  of  this  underground  water  surface  is  known  as  the 

advent  of  irrigation,  unless  the  underdrainage  be  very 
round  water  begins  to  rise,  and  with  it  brings  all  the 
ed  in  the  soil  through  which  it  passes,  concentrating  it 
jarts  of  the  soil. 

tnts  of  which  alfalfa  is  a  type,  cannot  succiessfully  wtth- 
ience  of  the  permanent  water  table  too  near  the  surface, 
}ach  of  the  water  to  within  a  few  feet  of  the  surface  is 
iwed  by  the  killing  out  of  the  alfalfa, 
wing  examples  strikingly  illustrate  the  rise  of  the  ground 
alley  above  Billings: 

m  Abshire  dug  a  well  in  1882  and  was  compelled  to  go 
ne  feet  to  reach  water.      Since  this  time  the  water  in  the 

within  three  feet  of  the  surface;  in  September,  1897,  the 
y  six  feet  below  the  surface  of  the  ground, 
jel  Holmesland  found  water  within  six  feet  in  the  fall  of 
rrigating  season  the  water  rose  to  within  two  feet  of  the 
round. 

'.  Searles  dug  a  well  in  the  spring  before  irrigating  be- 
e  feet  no  water  was  found  and  well  was  abandoned. 
:er  irrigation  was  started  the  well  filled  completely  with 

".  Armitage  found  water  eight  years  ago  at  a  depth  of 
Le  water  now  stands  four  feet  from  surface. 

THE  RISE  OF  THE  ALKALI, 
iter  in  the  course  of  irrigation,  or  during  rain,  sinks  into 
it  dissolves  soluble  materials  in  its  downward  course. 
main  in  solution  until  removed  by  chemical  action,  for  it 
iwn  fact  that  filtration  through  soil,  or  even  the  most 
ificial  filters,  fails  to  remove  anything  except  it  be  in  the 
nded  solid  particles.  These  salts  return  to  the  surface 
en,  by  capillary  action,  water  is  brought  up  to  supply 
iirface  evaporation;  as  evaporation  continues,  more  and 
^es  to  the  surface  bringing  always  with  it  its  quota  of  dis- 
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As  the  water  evaporates  the  salts  are  left  behind  on  the  surface, 
forming,  when  in  sufficient  quantity,  the  white  crusts  seen  in  badly 
alkalied  places.  It  is  an  unfortunate  fact  that  none  of  this  salt  evapo- 
rates with  the  water,  but  that  it  all  remains  behind  in  the  upper  part  of 
the  soil  to  be  gotten  rid  of  as  best  we  may. 

It  is  altogether  probable  that  ranches  lying  below  the  level  of 
others  may,  through  excessive  irrigation  above,  have  the  level  of  their 
water  tables  raised,  at  the  same  time  the  excessive  amounts  of  water, 
derived  from  irrigation  of  other  ranches,  may  and  probably  will,  carry 
with  it  more  or  less  alkali  into  the  soil  of  ranches  on  lower  levels. 

REMEDIES. 

Underdrainage — If  it  were  not  too  expensive,  this  would  be  the 
method  to  be  used  in  all  cases,  for,  when  pioperly  conducted,  it  is  im- 
possible for  the  ground  water  to  rise,  and  all  excess  of  water  carrying 
with  it  dissolved  salts,  obtained  in  its  downward  course  through  the 
soil,  instead  of  being  allowed  to  come  to  the  surface  again,  evaporate 
and  leave  the  salts  where  they  will  do  the  most  harm,  is  compelled  to 
pass  off  through  drains  and  to  carry  its  salts  with  it. 

But  for  many  years  to  come,  cheaper,  even  if  less  thorough, 
methods  must  be  used,  except  possibly  in  especially  favored  localities. 

Surface  Flooding — When  my  attention  was  first  brought  to  the 
seriousness  of  the  alkali  problem,  I  suggested  that  there  might  be  fav- 
ored localities  where  water  could  be  quickly  passed  over  the  land  in 
large  quantities  and  as  quickly  removed.  Attention  was  especially  di- 
rected to  the  fact  that  if  the  water  was  allowed  to  stand,  that  instead 
of  improving  conditions,  the  reverse  effect  might  be  expected.  This 
suggestion  was  practically  tried  with  success  in  a  few  cases,  but  last 
June,  Nature  tried  the  same  experiment  on  a  grand  scale,  with  what 
success  the  following  figures,  kindly  furnished  by  Mr.  Thos.  Means, 
will  show: 

Soluble  salts  removed  hourly. 

Billion  Town  Ditch,  June  4th,  40  en.  ft.  per  sec. 

Billings  Town  Dilch.  **  6ih. 

BtlliDffS  Town  Ditch.  "  7th. 

Billings  Town  Ditch.  "  lUh. 

Billings  Town  Diich.  "  12th. 

Billings  Town  Ditch.  '*  Idth. 

Billings  Town  Ditch.  "  16tb. 


«*  •  t 

(I  «( 

«*  .f 

it  it 


•A, 


Percent 

Tons  salt 

salts. 

per  hour. 

;; 

"  sec. 

.802 

18  6 

.424 

UK  I 

If^ 

.422 

19.0 

: 

.440 

20.2 

.^ 

.288 

12.7 

T 
' 

.481 

21.6 

« 

.227 

10.2 

4 

t*^ 


*;r26  THE  MONTANA  EXPERIMENT  STATION, 


The  average  amount  of  alkali  removed  daily,  for  the  twelve  days 
^  that  these  observations  covered,  was  four  hundred  tons,  or  four  thou- 
sand eight  hundred   tons  for  the   short  period  covered  by  the  experi- 
ment 

This  is  no  inconsiderable  amount,  and  in  time  its  effect  must  be 
noticed.     It  should  be  our  province  to  supplement  the  work  of  Nature 
V  so  far  as  possible  and  along  similar  lines. 

■  By  Judicious  Selection  of  Crops — As  has  been  said  befoire,  surface 

evaporation  must  be  prevented  as  far  as  possible,  and  crops  should 
be  planted  with  this  aim  in  view. 

This  can  be  done  in  either  of  two  ways,  first,  by  planting  a  crop 
*  like  corn,  or  sugar  beets,  which  requires  frequent  hoeings  or  cultiva- 
^  /  tions;  this  treatment  leaves  the  soil  in  a  condition  where  evaporation 
I'  is  least  marked;  or,  second,  by  seeding  some  crop  like  alfalfa,  which 
g^  .in  its  growth,  so  completely  protects  the  ground  from  the  direct  in- 
BR^  Buence  of  the  sun*s  rays,  as  to  reduce  evaporation  to  a  minimum 
Jv'     degree. 

^'  In  the  notes  accompanying  the  analyses  will  be  found  remarks  call- 

;^      ing  attention  to  the  surprising  results  found  in  soils  where  alfalfa  was 
f. '    successfully  growing. 

C  Limiting  the    Use  of  Water — Enough  has   already  been  said  to 

•'  show  the. importance  of  using  ^as  small  an  amount  of  water  as  will 
>^  serve  the  needs  of  the  crops.  There  is  a  prevailing  belief  among  those 
who  have  most  carefully  studied  the  subject,  that  in  general  we  use 
far  more  water  in  irrigation  than  is  necessary,  and  of  all  places  where 
economy  should  be  practiced,  there  is  none  requiring  it  more  than  that 
place  where  excessive  use  brings  ruin  to  the  soiL 


EFFECTS  OF  ALKALI  UPON  PLANTS  AND  SOILS. 

When  the  **  black  alkali "  reaches  about  one-tenth  of  one  per  cent, 
in  the  soil  its  pernicious  effects  begin  to  be  seen.  About  the  stems  of 
plants,  or  wherever  the  alkaline  solution  comes  in  contact  with  the 
vegetable  matter,  the  material  is  corroded  and  dissolved,  leaving  the 
stem  frequently  completely  girdled. 

On  account  of  its  solvent  effect  upon  vegetable  matter,  it  dissolves 
the  humus,  or  vegetable  mold,  contained  in  the  soils>  forming  dark 


:;  >    •' 


•  \\ 
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colored  solutions  and  depositing  a  black  residue  upon  the  evaporation 
of  the  water,  which  gives  rise  to  its  name  ''  black  alkali." 

But  beside  the  two  very  objectionable  qualities  mentioned,  the 
sodium  carbonate  has  the  further  effect  of  destroying  the  tillability  of 
many  soils,  especially  those  containing  a  predominance  of  clay,  so  that 
it  is  almost  impossible  to  reduce  to  a  condition  of  perfect  tilth  again 
a  clay  soil  which  has  been  charged  with  this  alkali. 

The  "white  alkali"  or  sodium  sulfate,  acts  in  an  entirely  different 
manner,  and  much  more  of  it  may  be  present  in  the  soil  than  could  be 
permitted  with  sodium  carbonate,  before  baleful  effects  are  noticed. 
While  most  excellent  crops  may  be  taken  from  the  ranche,  usually  the 
best  in  its  history,  just  before  the  alkali  completely  destroys  the  crops, 
still  these  substances,  which  are  many  of  them  good  plant  foods  when 
present  in  moderate  quantity,  are  in  their  effects  rank  poisons  when 
present  in  excess. 

One  explanation  offered  to  illustrate  the  action  of  these  salts,  is 
based  upon  the  fact  that  all  mineral  food  is  obtained  by  the  plant 
through  the  process  of  osmose,  which  is  the  name  given  to  the  pas- 
sage of  solutions  through  porous  partitions  or  cell  walls.  The  flow  of 
liquid  is  more  rapid  from  the  point  where  the  liquid  is  least  dense,  to 
the  part  where  it  is  most  dense;  in  the  case  of  alkali  soils,  the  water 
in  contact  with  the  roots  is  so  much  more  dense  than  the  plant  liquids, 
that  instead  of  a  passage  of  food  containing  water  from  without  into 
the  plant,  the  reverse  process  sets  in,  and  the  plant  actually  starves  in 
the  midst  of  plenty  to  eat  and  drink. 

In  this  connection  it  is  interesting  to  draw  attention  to  the  fact 
that  a  number  of  buildings  in  Billings,  the  foundations  of  which  are 
of  a  porous  sandstone,  are  gradually  becoming  insecure,  because  of 
the  disintegration  of  the  rock  due  to  the  absorption  of  alkaline  salts, 
followed  by  the  evaporation  of  the  water,  and  the  deposit  of  salts 
within  the  pores  of  the  rock;  as  the  process  continues  and  more  and 
more  salts  are  deposited,  the  rock  particles  are  forced  apart  and  give 
way,  the  rock  crumbling  to  pieces. 

« 

THE  VEGETATION  OF  ALKALI  FLATS. 

The  following  list  of  plants,  collected  from  an  alkali  flat  west  of 
the  Armitage  ranche,  may  be  taken  as  characteristic  of-  the  vegetation 
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in  Montana,     I  am  indebted  to  Dr.  J.  W.  Blankinsliip, 
our  Experiment  Station,  for  the  detenninatioa  of  the 

I  were  collected  Aug.  28,  1898. 

um  glaucum,  L (Pigweed). 

apillare,  L (Panic  grass). 

rus-galli,  L ( Panic  grass). 

canadense  echinatum,  Gray. .  .(Cocklebur). 

sqiiarrosa,  Diinal (Gum  plant). 

jubatum,  L (Squirrel  tail  grass). 

I  dasystachynm,  Scribn (Blue  joint). 

sressa,  Wats .( Sea  blite). 

stus,  T.  &  G (Aster,  Starwort). 

.siatica,  T.  &  G.  (?) (Plantain). 

1  littorale,  Link (Knotweed). 

maritima,  Raf (Spike  grass). 


HPOSITION  OF  MONTANA  ALKALI. 

found  in  this  State,  especially  where  most  of  our  work 
is  almost  without  exception  the  "white  alkali."     The 

;reat  predominance  of  the  white  alkali  is  to  be  found  in 
distribution  of    gypsum,  which  has  the  power  of  chang- 

:  alkali"  to  white. 

le  following  the  composition  of  the  alkali  is  given.  It 
that  while  the  percentage  of  the  constituents  vary  in 

mples,  the  ratios  the  different  salts  bear  to  each  other 

:onstant.     This  would  indicite  a  common  origin  for  all. 

m  sulfate  of  the  table  corresponds  to  dissolved  gypsum, 
sulfate  to  Epsom  salt,  the  sodium  sulfate  to  Glauber's 

lium  sulfate  to  sulfate  of  potash,  the  sodium  nitrate  to 

er  and  the  sodium  carbonate,  in   terms   of  which    the 

>ressed,  to  sal  soda. 
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TABLE  OF  COMPLETE  ANALYSES. 


TABLES  OF  ANALVSES. 

The  tables  of  analyses  which  follow  s  low  the  composition  of  the 
soil  at  various  depths. 

Usually  notes  concern'hig  the  character  of  vegetation,  the  amount 
of  moisture  present,  etc.,  accompany  the  analyses  so  that  a  basis  of 
comparison  may  be  had  for  use  in  determjaing  various  matters  of  in- 
terest in  this  study. 

Comments  are  made  after  many  of  th-;  tables  and  especial  atten- 
tion should  be  given  them,  for  the  practicM  results  of  the  study  up  to 
this  point  are  contained  therein. 

As  many  hundred  samples  were  to  b<  analyzed,  it  became  neces- 
sary at  the  outset,  to  adopt  a  system  by  i.ieans  of  which  the  relative 
amount  of  soluble  salts  present  in  each  could  be  readily  determined. 
After  learning  that  the  salts  were  practical'y  all  present  as  sulfates,  and 
that  sodium  was  the  principal  base,  and  moreover,  that  the  proportions 
of  the  bases  remained  practically  constani,  it  was  determined  to  cal- 
culate the  sulphuric  acid  found  to  sodiums  alfate,  or  Glauber's  salt,  and 
the  alkalinity  to  sodium  carbonate  or  sal  soda  and  in  the  following 
tables  these  salts  are  made  the  basis  of  conparison; 
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SAMPLES  FROM  BILLINGS  AND  VICINITY. 

Ed.   Cardwell,   N.  W.  X>   Sec.  2,   T.  i  S.,   R.  25  E.     Five  miles 
west  of  Billings,  Montana.     Sampled  in  alfalfa  field  where  growth  was 


tolerably  fair, 

i 

Percent  of  Alkalinity 

Lab. 

Percent  of  Sodium 

in 

terms 

oc'  Sodium 

No. 

Depth  of  Inches. 

Sulfate. 

Carbonate. 

221 

Oto  12 

.140 

.017 

222 

12  to  24 

.198 

.014 

223 

24  1086 

.089 

.014 

224 

86  to  57 

.086 

.014 

225 

57  to  72 

.086 

.017 

226 

72  to  90 

.089 

.017 

227 

90  to  108 

.087 

.010 

Ed.  Cardwell,  N.  E.  j^.  Sec.  3,  T.  i  S.,  R.  25  E.  Five  miles 
west  of  Billings^  Montana.  Sampled  in  bare  unirrigated  field  west  of 
and  across  the  road  from  previous  sample.  Crop  blue  grass,  very  poor, 
field  used  for  pasture. 

Percent  of  Alkalinity 
Lab.  Percent  of  Sodium  in  terms  of  Sodium 

No.  Depth  in  Inches.  Sulfate.  CarlK)nate. 

228  0  to  12  .043  .017 

229  12  to  24  .068  Trace 

280  24  to  36  .180  .017 

281  86  to  57  .150  .010 

282  57  to  72  .160  .017 
288  72  to  90  .166  .017 

A  comparison  of  these  last  two  sets  of  samples  will  illustrate  in  a 
striking  manner  the  effects  of  irrigation  in  concentrating  the  alkali 
near  the  surface.  In  the  first  lot  where  the  field  was  irrigated,  sixty- 
four  per  cent.,  nearly  two-thirds  of  all  the  alkali  contained  in  nine  feet 
of  soil,  concentrated  in  the  first  twenty-four  inches;  in  the  second  lot, 
but  fourteen  and  nine-tenths  per  cent.,  about  one-seventh,  of  the 
alkali  contained  in  seven  and  one-half  feet  of  soil,  is  found  in  the  first 
two  feet. 

This  is  an  impressive  lesson  on  the  importance  of  using  as  little 
water  in  alkali  districts  as  will  suffice. 


Alkali  field  south  of  and  across  road  from  Hiram  Abshire's  ranch 
house.  N.  W.  }{,  Sec.  19,  T.  2  S.,  R.  24  E.  Bare  spot  showing 
white  places.  There  was  practically  no  living  vegetation  present. 
Surface  crust  of  alkali  is  from  j4  in.  to  %  in.   thick  which  breaks  free 
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from  underlying  pulverulent  material.  This  combination  of  crust  and 
pulverulent  material  seems  to  be  almost  a  perfect  protection  to  the 
underlying  soil  against  evaporating  influences^  for  wherever  both  are 
found  the  soil  is  always  moist  underneath. 


Lab. 
No. 

282 

288  A 

28SB 

284 

285 

286 

287 

288 


Depth  in  inches. 

Surface  Crust  i  to  f  in. 

Pulverulent  Mal.O  to  1  in. 

1  to  7  in.  moist  clay. 

7  to  13 

18  to  25 

25  to  87,  sand 

37  to  49,  clay 

49  to  61.  sand,  saturated. 


Per  cent,  of 
Sodium 
Sulfate. 

7.39 
4.44 
2.12 
1.11 

.86 

.54 

.58 

.79 


Per  cent,  of  Alka- 
linity in  terms  of    Per  cent. 
Sodium  Carbonate,    water. 


Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 


2.80 
14.84 
22.17 
20.40 

20.90 


Hiram  Abshire,  S.  W.  ^,  Sec.  i8,  T.  2  S.,  R.  24  E.  Samples 
taken  in  alfalfa  field,  good  crop;  sampled  north  of  his  house,  about 
y^  mile  from  place  where  samples  Nos.  282,  288  were  taken.  Field 
had  been  in  alfalfa  3  years,  sampled  after  third  cutting;  soil  barely 
moist,  sandy. 


Per  cent,  of 

Per  cent,  of  Alka- 

Lab. 

Sodium 

linity  in  terms  of 

Per  cent. 

No. 

Depth  in  Inches. 

Sulfate. 

Sodium  Carbonate. 

waler. 

289 

0tol2 

.134 

Trace 

8.60 

^90 

12  to  24,  sandy. 

.130 

Trace 

14.10 

291 

24  to  36. 

.090 

.021 

14.60 

292 

36  to  60,  moist. 

.110 

.021 

17.70 

293 

60  to  72,  very  moist. 

.080 

.025 

18.02 

294 

72  to  84,  very  moist.  • 

.050 

.025 

295 

84  to  96,  sanely,  saturated.     .070 

,028 

Samuel  Holmesland,  N-^  E.  ^,  Sec.  13,  T.  2  S.,  R.  24  E.  Sam- 
pled in  oat  field  about  300  yards  south  of  house.  Cultivated  4  inches 
deep  and  sowed  to  oats  with  good  yield.  Originally  was  a  native  blue 
stem  meadow. 


•  »• 


Per  cent,  of 

Per  cent,  of  Alka- 

Lab. 

Sodium 

linity  in  terms  of 

Per  cent.         ^. 

No. 

Depth  in  Inches. 

Sulfate. 

Sodium  Carbonate. 

water.          '\ 

296 

0  to  12,  loam  (lost  sample) 

11.20             % 

297 

12  to  24.  slightly  moist. 

.075 

.028 

11.40             ..:; 

298 

24  to  36.  more  clay,  more 

15  80             )< 

moist. 

.111 

.032 

299 

86  to  48. 

.210 

.028 

16  60            ?r 

800 

48  to  60. 

17.90           A 

301 

60  to  72,  sand  saturated. 

.466 

.021 

21.03              1 

302 

72  to  84,  saturated  quick- 

'"1 

sand. 

.824 

.017 

1 

803 

84  to  108,  hole  filled  in. 

.827 

.028 

'.jm 
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infortunate  'nough  to  lose  some  of  our  samples  this 
nent.  The  lamples  were  first  packed  in  tough  paper 
used  for  nkils,  but  being  handled  roughly  in  transit 
:ks  were  tor.i  apart  and  the  contents  lost.  After  this 
ised  cloth  sa':ks. 


lied  field  eajt  of  the  former  one,  formerly  Fred  San- 
o  vegetation,  surface  covered  with  alkah  crust.  N.  W. 
3  S.,  R.  24  K. 

Per  cent,  of  Per  cent,  of  Alka. 

Sidium  linity  id  I«raiH  o(  Per  cent. 

,  in  laches.     Sulfate.  Sodium  Carboaate.  water, 

rusl.  (.t.se  .187 

ow  cruil,  lost. 


1.13  .031 


;es,  N.  E.  <^,  Sec.  22,  T.  2S.,  R.  23  E.  Samplestaken 
about  ^  mile  north-west  of  his  farm  house.  No  signs 
face.  Field  irrigated  five  days  before  sampling.  No 
his  field  until  water  was  brought  on  it  when  a  wonder- 
ised,  nearly  two  tons  to  the  acre. 

eed  was     thrown  on    surface    with    no    dragging    or 
ue  Stem  pla/ed  out  in  7  years.     Timothy  sown  before 
!  out. 
ere  taken  yi   iiile  north  of  break  of  hill. 


Per  cent,  of 
801  Hum 
in  Inches.                Sulfate. 

Per  cent,  of  AlkHliiiity 
in  terms  of  Sodium 
Carbonate. 

ay.                                .086 

.076 

rccasional  peb>  les.      .057 

.031 
,085 
.025 

rater,  gravel.  .110  .017 

s  advances  t\  e  theory  that  because  of  the  break  in  the 
,  about  1^  m  le  due  south  of  point  where  sample  was 
of  the  grounu  water  and  hence  of  the  alkali  is  prevent- 
probable,  however,  that  the  substratum  of  gravel  per- 
underdraina)  ;e  and  that  the  small  amount  of  alkali  pre- 
of  this. 
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C.  C.  Steers,  N.  W.  ^,  Sec.  14,  T.  2  S.,  R.  23  E.  Alkali  shows 
in  white  patches  on  knolls  on  highest  points.  Failed  to  get  water 
over  these  places.  Where  water  failed  to  run,  there  was  no  grain;  be- 
low there  was  a  good  yield.     Alkali  on  highest  points  only. 

Samples  taken  in  oat  field  about  300  feet  south-west  of  farm  house. 
Fiekl  in  oats  for  last  5  years  with  good  crops. 


Lab. 
No. 

816 
317 
818 
319 
820 
321 
322 


Per  oeot.  of     Per  cent,  ot  Alkalinity 


Depth  in  Inches. 
0  10  12,  sandy  loam»  moist,     .068 


«< 


t« 


•< 


<( 


<i 


It 


odium 

in  terms  of  Smiium 

Per  cent. 

ulfate. 

Carbonate 

water. 

.068 

.007 

10.06 

.041 

.082 

14.10 

.085 

.082 

16.80 

.037 

.025 

18.80 

.068 

.028 

19.40 

.048 

.085 

17.80 

.044 

.021 

12  to  24.  sandy  loam, 

24  to  86, 

86  to  48. 

48  to  60. 

60  to  72, 

72  to  84,  water,  sand. 

8th  and  9th  feet  sandy. 

This  is  another  case  in  which  immunity  from  alkali  is  probably 
due  to  character  of  the  underlying  material.  Sand  is  readily  per- 
meable by  water. 

Fred  Sanford,  N.  E.  34,  T.  2  S.,  R.  23  E.  Sampled  in  bean  field 
about  100  feet  from  main  road,  and  west  of  gate.     Cultivated  8  or  9 


years, 
face. 

Lab. 
No. 

328 
324 
325 

826 
327 
328 


Very  fine  crops  always  grown. 
Not  irrigated  this  season. 

Per  cent,  of 
Sodium 
Depth  in  Inches  Sulfate. 

0  to  12  .089 

12  to  24.  sandy.  .047 

24  to  86,  dry,  slightly  clayey, 

pari  gravelly.  .057 

36  to  48,  moist.  .045 

48  to  60.  sandy.  .046 

60  to  72.  sandy.  .049 

7th  foot  sandy,  and 

8th  and  9th  feet 

coarse  sand. 


No  evidence  of  alkali  on  sur> 


Per  cent,  of  Alkalinity 
in  terms  of  Sodiu  m 
Carbonate. 

.021 
.028 


.007 
.025 
.048 


Per  cent, 
water. 

4.70 
5.70 

15.20 
16  60 
10.20 
17.70 


Chas.  D.  Camp,  S.  W.  ^,  Sec.  8,  T.  2.  S.,  R.  24  E.  Sampled 
in  alfalfa  field  50  feet  south  of  S.  W.  corner  of  hay  fence,  and  15  feet 
from  ditch.  Cultivated  1 1  years,  last  5  years  to  alfalfa.  Yield  5  tons 
per  acre,  soil  is  a  loam  of  fine  texture  and  apparently  just  right  as  to 
moisture.  Alkali  did  not  appear  in  alfalfa  field  but  showed  very  plain- 
ly at  his  house  a  few  hundred  feet  north  of  where  samples  were  taken. 


\5» 


fit 


•hi 


Carbonate. 

water. 

.025 

9.70 

.028 

10.60 

.039 

11.61 

.043 

12.60 

.010 

18.20 

.014 

15.10 
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Per  oeQt.  of    Per  cent,  of  Alkalinity 
Lab.  Sodium  in  terms  of  Sodium      Per  cent. 

No.  Depth  in  luches.  Sulfate. 

820  0  to  12  ;056 

880  12  to  24,  loam,  lower  inch 

clav  .048 

331  24  to  86,  clayey  loam,  .077 

832  30  to  48.  clayey  loam.  .220 

338  48to  60.  clayey,  white  spots.  1.410 

334  60to72.  clayey,  white  spots.  1.600 

335  72.  i  mile  south  of  above, 

more  moist,  1.22  .007     . 

I  wish  to  draw  especial  attention  to  this  series,  and  to  others 
where  the  ground  water  is  six  feet  or  more  deep,  and  where  alfalfa  has 
secured  a  good  stand,  This  crop  has  a  remarkable  power  to  prevent 
the  rise  of  the  alkali,  and  would  seem  to  slowly  remove  it,  for  the  very 
heavy  crops,  containing  a  considerable  amount  of  mineral  matter,  a 
large  portion  of  which  is  alkali  salts,  must  remove  very  large  quanti- 
ties of  alkali  in  the  aggregate.  My  observations  have  caused  me  to 
believe  that. if  a  stand  of  alfalfa  can  be  secured,  and  the  water  table 
kept  low  enough,  that  for  all  fields  where  such  conditions  prevail  the 
alkali  problem  is  solved. 


Lew  Nutting,  S.  W.  ^,  Sec.  lo,  T.  2  S.,  R.    24   E.     Sampled  in 

alfalfa  field  about  150  feet  northeast  ot  house.  Poor  yield. 

Per  cent,  of  Per  cent,  of  Alkalinity 

Lab.                                                              Sodium  in  terms  of  Sodium 

No.           Depth  in. Inches.                         Sulfate.  Carbonate. 

836        0  to  12.  clayey.                                       .099  .028 
337        12  to  24,  clayey  and  pebbles, 

lower  portion  dryer.                      .19  .021 

838        24  to  86,                                                  .14  .007 

339        86  to  40,  at  3i  feet,  stopped  by  rocks,  .49  .014 


Lew  Nutting.     Sampled  in  clover  field  about  300  yards  northeast 
of  house  and  fifty  feet  from  fence.     No  stand.      Manured. 

Per  cent,  of  Per  cent,  of  Alkalinity 

Lab.                                                                Sodium  in  terms  of  Sodium 

No.           Depth  in  Inches.                          Sulfate.  Carbonate. 

840        0  to  12,                                                       .13  .017 

341  12  to  24.                                                     .46  .010 

342  24  to  36.  Occasional  white  spot^,        .92  Trace 

343  36  to  48,  Occasional  white  spots.       4  88  .028 

344  48  to  72,                                                     1.10  .017 

345  72  to  84,  White  crystals.                     1.04  .021 

346  84  to  96,                                                    .88  .028 

347  96  to  108,  Sand,  water,  .23 
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Field  East  of  Lew  Nutting's,  Section   ii,    S.  R.  24,  T.  2,  8.  E. 
Quarter. 

Uncultivated,  unirrigated,  sampled  in  center  of  field. 


i    ■'^,!' 


Lab. 
No. 

747 
748 
749 
750 


Depth  in  Inches, 

0  to  12  fairly  dry. 
12  to  24  moist. 
24  to  36  more  moist. 
86  to  42 

Gravel  at  8i  feet, 
very  near  water. 


Percent  of 
Sodium 
Sulfate. 

.084 
1.01 
1.18 
1.07 


Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

.077 
.067 
.056 
.056 


Lev^r  Nutting's  lower  ranch,  Aug.  26,  1898. 
thy,  now  shows  strong  effloresence  on  surface. 


Lab. 
No. 

751 
752 

Depth  in  Inches. 

0  to  12  moist. 
12  to  24  moist  gravel. 

Percent  of 
Sodium 
Sulfate. 

1.92 
.69 

• 

Formerly  grew  timo- 
Alfalfa  failed  to  stand. 

Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

.056 
.060 


>i 


Lew  Nutting,  Aug.  26,  i8g8.  South  of  preceding  (751).  Sown 
to  Alfalfa.  Conditions,  as  far  as  known  in  two  portions  sampled,  are 
identical,  yet  the  portion  on  which  alfalfa  grows  very  well,  is  divided 
from  portion  containing  no  alfalfa,  by  a  sharp  line  of  demarcation. 
Sown  to  oats  preceding  season  with  similar  results. 

Alkali  shows  on  surface  on  one  portion  considerably  and  slightly 
on  the  other.     Ten  paces  north  of  line  good  stand  of  alfalfa. 


Percent  of 
Lab.  Sodium 

No.        Depth  in  Iqches.  Sulfate. 

758         0  to  12  .59 

754  12  to  24  .65 

755  24  to  36,  water.  .17 
Ten  paces  south  of  line  alfalfa  dead. 

756  0  to  12  .92 

757  12  to  24  .82 

758  24  to  38,  gravel.  .23 


Percent  of  Alkahnity 
in  terms  of  Sodium 
Carbonate. 

.060 
.046 
.078 

.056 
.046 
.068 


.>M 


w 
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Dr.  Nutting's  old  ranch,  N.  W.  j{,  Section  14,  T.  2  S.,  R.  24  E. 
Ten  rods  south  of  Clark's  Fork  ditch  and  36  feet  east  of  fence. 
Twelve  years  in  alfalfa. 


L»  • ' 


Percent  of 

Percent  of  Alkalinitj 

Lab. 

Sodium 

in  terms  of  Sodium 

Mo. 

Depth  in  Inches. 

Sulfate. 

Carbonate. 

709 

Oto  12 

.06 

.077 

760 

12  to  24 

.58 

.068 

761 

24  to  86 

1.07 

.066 

762 

86  to  48 

1.84 

.060 

763 

48  to  60 

1.28 

.058 

764 

60  to  72 

1.26 

.056 

765 

72  to  84 

.40 

.088 

766 

84  to  »6 

.25 

.100 

767 

96  to  108 

.14 

.110 

Hesper  Farm,  N.  E.  ^,  Sec.  13,  T.  i  S.,  R.  24  E.  Sampled  in 
uncultivated,  unirrigated  land  above  ditch,  300  yards  from  ditch,  200 
yards  from  Canyon  Creek.  Vegetation  is  bunch  grass  and  cactus. 
Water  was  used  in  the  hole  at  the  7th  foot  on  account  of  falling  off  of 
sample.     Near  south  section  line. 

Percent  of  Alkalinity 
in  terms  of  Sodium     Percent 


Percent  of 

Lab. 

Sodium 

No. 

Depth  in  Inches.         Sulfate. 

850 

0  to  12  dry  tine  sand. 

.016 

360 

12  to  24     "    sand. 

.006 

861 

24  to  36    "    tine  sand. 

Trace 

362 

36  to  48     " 

.015 

868 

48  to  60     ** 

.045 

864 

60  to  72     •* 

.077 

865 

72  to  84     " 

.094 

866 

84  to  96     •* 

.123 

867 

96  to  108  sand 

.104 

868 

108  to  120  sand 

and  clay  at  bottom. 

.115 

869 

120  to  132  clay. 

.288 

870 

132  to  144    •* 

.379 

371 

144  to  156    " 

.787 

372 

156  to  168    *'    white  salt 

.780 

378 

168  to  180  salt,  sand  at 

bottom. 

.745 

874 

180  to  192  sand.  clay. 
^    sand  and  salt 

• 

at  bottom. 

.605 

870 

}92  10  204  sand 

.574 

37i^ 

204  to  216      •' 

.458 

Carbonate. 

water. 

.025 

8.40 

.021 

4.80 

.082 

850 

.021 

3.50 

.017 

.014 

.021 

.014 

.014 

.025 

.021 

.017 

.010 

.017 

.014 


.017 
.014 
.010 


This  series  shows  the  conditions  which  prevail  before  irrigation 
takes  place.  At  some  zone,  more  or  less  deep,  there  is  a  heavy  con- 
centration of  the  alkali.     The  alkali  salts  are  usually  present  in  such 
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quantities  in  these  bands  as  to  be  different  in  appearance  from  the  soil^     ji 
being  of  lighter  color,  generally  nearly  white  and  frequently  in   the    ^* 
form  of  crystals.     There  is  comparatively  little  alkali  in  these  undis- 
turbed soils,  except  in  or  near  this  zone  of  concentration. 


Hesper  Farm,  N.  E.  ^,  Sec.  i8,  T.  i  S.,  R.  25  E.  Sampled  in 
alfalfa  field  north  of  gate  near  road. 

Field  planted  to  alfalfa  13  years  ago.  Alkali  showing  in  road  and 
field  to  the  east. 


Percent 
water. 

11.50 
11.70 
12.60 

19.00 

19.5 


This  field  presents  another  instance  of  the  beneficent  effects  of 
alfalfa,  and  the  analyses  studied  in  conjunction  with  the  knowledge  of 
the  fact,  that  but  a  few  feet  away  from  the  alfalfa  field,  the  pernicious 
effects  of  the  alkali  are  already  marked,  cannot  fail  to  support  the  case 
of  the  claims  of  alfalfa  as  the  ideal  crop  for  alkali  regions. 


Percent  of 

Percent  of  Alkalinity 

Lab. 

Sodium 

in  terms  of  Sodiuui 

JNo. 

Depth  in  laches. 

Sulfate. 

Carbonate. 

877 

0  to  12  sand. 

.012 

.017 

378 

12  to  24 

.004 

.021 

879 

24  to  86 

.015 

.028 

880 

86  to  48 

.018 

.025 

881 

48  to  60  clayey 

.013 

.025 

882 

60  to  72 

.019 

.089 

888 

72  to  84 

.081 

.089 

384 

84  to  96  sand.  wat< 

3r.        .054 

.082 

Hesper  Farm  Smoke  House,  N.  W.  J^,  Sec.  18,  T.  i  S.,  R.  25  E. 
Samples  taken  from  south  side.     Alkali  shows    from    3d  foot  to 
5J^  feet.     This  point  is  below  and  not  far  from  main  ditch. 

Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

.025 
.089 
.085 
.017 
.014 
.085 
.085 


Percent  of 

Lab. 

Sodium 

No. 

Depth  in  Inches. 

Sulfate. 

885 

0tol2 

.019 

886 

12  10  24 

.065 

887 

24  to  26 

.ISO 

888 

86  to  48 

.38 

889 

48  to  60 

.48 

890 

60  to  66 

.16 

891 

66  to  72 

.14 
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Alkali   Field,   S.   E.    J4,  Sec.    3,  T.  1  S., 
it  o(  Mr,  Morgan's  house. 


I'ercent  of 

Perceot  of  A 

Sodium 

in  terms  of 

Ueptli 

D  louhus. 

SulfHie. 

Carbo 

0  tD  1 

n.ii 

.ob; 

1  to  13 

.81 

.02 

vi  lo  ^4 

M 

a4toWi 

.1.1 

M 

a8  10  48 

.«8 

m 

48  Id  (to 

M 

.01 

UOtoTa 

.80 

.oa 

and  50  feet  from  fence 

This 

is  a  blue 

oint  lieM  show 

ng  alki 

feet  west  of  the  place  h 

here  s 

™pk.  we 

re  taken. 

Bill 

e  joint 

ing  very  poorly. 

Percent  of 

Peri«nt  of  A 

Lrtb. 

Sodium 

ID 

erms  of 

Ni>.       Depth  in  laches. 

Sulfate. 

Carbon 

3!iH         0  to  12,  clay 

.78 

M 

400         12  to  24 

.70 

M 

401         34  to  3S 

.»S 

M 

403        86  to  48 

1.6a 

.01 

403        48  to  60 

1.08 

.W 

404       00  to  72,  water. 

.78 

.01 

W.    H.    Gardner,    10    acre    farm   on    the    west   edge  of    ] 
upled  in  garden  about  150  feet  from  house,  in  cabbage  pate 

Percent  of  A 

in  terms  of 

Carbo 


Depth  ia  Inclies. 
0  to  12 


Percent  of 
Sodium 
Sulfate. 


48  lo  00,  water  at  bottom. 
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E.  B.  Hastings,  S.  W.  ^,  Sec.  24,  T.  i  S.,  R.  24  E.  Sampled 
in  alfalfa  field,  new  seeding,  poor  stand.  Previous  crop  native  blue 
joint. 

Percent  of  Alkalinity 
in  terms  of  Sodiiiui 
Carhonate. 

.032 
.082 
.042 
.028 
.007 
.007 
Trace. 
.014 
.007 
.007 
.007 


Percent  of 

Lab. 

Sodium 

No. 

Depth  in  Inches. 

Sulfate. 

848 

Oto  12 

.043 

340 

12  to  24 

.035 

350 

24  to  36 

.080 

851 

36  to  48 

.  .031 

352 

48  to  72 

Trace 

853 

72  to  84 

Trace 

354 

84  to  06,  while  salt 

.073 

355 

96  to  108     *•       •* 

.065 

356 

108  to  120,  sand,  white  salt 

.34 

357 

120  to  182.     " 

.15 

858 

182  to  144.     " 

.80 

I  •. 


•■  1 . 


f>^ 


Harry  Ramsey,  S.  W.  }(  Sec.  i,  T.  i  S.,  R.  25  E.  Aug.  27,  1898. 
Field  nearest  house,  nearly  north  of  house.  N.  W.  corner  of  alfalfa 
field,  replaced  by  foxtail,  etc. 

Dug  well  ten  years  ago.  Water  was  found  at  15  or  16  feet,  now 
four  feet  to  water. 


Perc<*nt  of 

Percent  of  Alkalinity 

Lab. 

■ 

Sodium 

in 

terms  of  Sodium 

No. 

Depth  in  Inches. 

Sulfate. 

Carbonate. 

706 

0  to  12.  moist. 

1 .56 

.070 

797 

12  to  24      *' 

.62 

.070 

798 

24  to  36      *• 

.27 

.073 

799 

86  t©  48      " 

.21 

.068 

Harry  Ramsey,  Aug.  27,  1898.  Alfalfa  field  four  years  old, 
only  irrigated  once  in  four  years.  Second  crop  cut  Ang.  17th.  Field 
nearest  town  across  ditch  from  house.  He  believes  that  the  heivy 
spring  rains  did  him  more  harm  than  good. 


Percent  of 

Percent  of  Alkalinity 

Lab. 

Sodium 

in  terms  of  Sodium 

No. 

Depth  in  Inches. 

Sulfate. 

Carbonate. 

792 

0  to  12.  moist 

.05 

.067 

798 

12  to  24 

.50 

.073 

794 

24  to  86 

.22 

.067 

796 

86  to  48.  water 

.11 

.078 

'ANA  EXPERIMENT  STATION. 


Alfalfa  field  N.  E.  of  barn,  best 


Pareent  of 
Soiliuni 
Sulfate. 


Percent  of  Alkulioily 

in  terms  of  Sodium 

Ourbotiate. 


.07  .060 

Ltg.  27,  i8g8.     Sampled  at  north  side  of  ranch 
It.     Formerly  there  was  a  good  stand.     North 
efflorescence, 
now  4  feet  to  water;  dug  8  years  ago;  then  15 


irmitage's  alfalfa  ri 
killing. 

Perce Dt  of 

Stilfnte. 
e  gpotj)  3  01 


5  excess  of  water,  and 


Pffcent  ot  Alkalinity 

ID  teims  of  Sodium 

CiirbonHle. 


;.  25,  1898.      Sugar  beet  patch. 

ver  points  of  field,  only  occasional  plants  are 

ent  in  first  foot. 


Per  cent,  of 
ijulfate. 


Percent  of  Alkiilinity 

iu  terms  of  Sodium 

CHrbonate. 


25,  1898.     Sugar 
Percent  of 
SiMlium 
SulfKte. 

beet 

patch,  upper  end. 

Percent  of  Alkaliniiy 

Id  terms  of  Siydiiini 

Carl>on(tte. 
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Ed.  O'Donnell,  Aug.  25,  1898.  In  clover  field.  Crop  doing  excel- 
lently at  sampling  point  and  at  most  other  places,  occasional  barren 
spots. 


1 

Per  cent,  of  • 

Per  cent,  of  Alkalinity 

Lab. 

Sodium 

in  terms  of  Soctium 

No. 

Depth  in  Inches. 

Sulfate. 

Carbonate. 

786 

0tol2 

.08 

.035 

737 

13  to  24 

.08 

.053 

738 

24  to  86,  S\  ft.  water 

.06 

.078 

Lew  Nutting,  Aug.  26, 

1898.     Excavation 

• 

for  addition  to  kitchen. 

Percent  of 

Percent  of  Alkalinity 

Lab. 

Sodium 

in  terms  of  Sodium 

No. 

Depth  in  Inches.    . 

Sulfate. 

Carbonate. 

789 

0  to   4,  sandy 

.29 

.049 

740 

4  to  12 

.07 

.063 

741 

12  to  24 

.08 

.080 

742 

24  to  80 

.08 

.070 

748 

80  to  40 

.10 

.070 

744 

40  to  48 

.51 

.056 

745 

48  to  56 

.48 

.068 

746 

56  to  64 

1.99 

.003 

Ed.   O'DonnelPs   ranch, 
fox  tail. 


Alfalfa  killed  out.     Red  patches,  with 


]jab. 
No. 

768 
769 
770 


Depth  in  Inches. 

0tol2 
12  to  24 
24  to  86.  2i  feet  water 


Percent  of 
Sodium 
Sulfate. 

.90 
.72 
.27 


Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

.046 
.060 
.083 


Same  field  as  above.     Good  crop  of  alfalfa. 


771 
772 
778 


0tol2 
12  to  24 
24  to  86.  watei* 


.81 
.32 
.84 


.08 
.10 
.07 


Same  field  a  few  feet  north,  barren  red  place  crusted  with  alkali. 
Water  did  not  flow  over  surface. 


774 

Surface  crust 

29.98 

775 

0tol2 

1.80 

776 

12  to  24 

.93 

777 

24  to  86.  water 

.42 

.126  Solution  colored. 

.049 

.077 

.083 
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Ed.  O'Donnell,  Aug.  29,  1898.     Com  field,  section  where  com  is 
doing  badly,  not  growing  at  all   in  places.     White  powder  on  ridges. 


Lab. 
No. 

Depth  in  Inches.          ' 

Fercent  of 
8o<Huro 
Sulfate. 

Percent  of  Alkalinity 
in  terms  of  Sodium 
Carbonate. 

821 
822 

823 

824 
825 

0  to  12.  moist 
12  10  24      •• 
24  to  36.  crystals  of  salt, 

last  8  iuches  sand 
86  to  48,  crystals 
48  to  54,  wutei' 

.85 
1.U4 
1.59 

1  50 
1.12 

.073 
.073 
.060 

.053 
.053 

Thirty  paces  east  of  prec 

eding. 

826 

827 
828 
820 

0  to  12.  dryer  than  above 
12  to  24            ••     . 
24  to  86,  sandy 
86  to  48,  water 

.04 
.84 
.65 
.64 

.040 
.060 
.088 
.077 

P.  B.  Moss,  S.  Yi^  Sec.  5,  T.  i  S. ,  R.  26  E.  Location  of  ranch 
one  mile  west  of  Billings,  Mont.  Sampled  about  200  feet  from  main 
road.  Ground  just  being  plowed.  These  samples  were  taken  in  Sep- 
tember, 1897,  and  appearances  were  not  favorable  for  a  crop  during  the 
next  season. 


Porcent  of 

Percent  of  Alkalinity 

I^hI). 

Sodium 

in 

terms  nf  Sodium 

No. 

Depth  in  Inches. 

Sulfate. 

Carbonate. 

405 

0  to    1.  surface  crust 

9.91 

406 

1  to  12 

.81 

.014 

407 

12  to  24 

.64 

.017 

408 

24  tn  86.  water 

.28 

,028 

4(M) 

4th  to  5th  foot 

.21 

.082 

410 

60  to  72 

.22 

.032 

P.  B.  Moss,  Aug.    24,    1898,    I    mile  west  of  Billings.     Slope  of 

hill  west  of  alkali  flat.     Upper  six  inches  of  first   foot  dry  ;   lower  six 

inches  shows  some  signs  of  moisture. 

Percent  of  Percent  of  Alkalinity 

Lab.                                                          Sodium  in  terms  of  Sodium 

No.         Depth  in  Inches.                       Snlfate.  Carbonate. 

706  0  to  12                                                 .14  .025 

707  12  to  24.  moist                                    .89  .082 

708  24  to  36.  more  moist                        .52  .042 

709  86  to  54.                                                  .57  .089 

710  54  to  72.                                                .66  .056 
Water  at  5  feet. 
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P.  B.  Moss,  Aug.  24,  1898.     Second  locality,    opposite  side,   (if 


■■<"i 


feet)  of  ditch  in  alfalfa  field, 


Lab. 
No. 

711 
712 
718 
714 


Depth  in  Inches. 

0  to  12,  nicely  moist, 
12  to  24.  more  moist, 
24  to  86, 
36  to  46.  water 


Very  fine  patch. 

Percent  of 
Sodium 
Sulfate. 

.58 
.88 

.18 
.21 


Percent  of  Alkalinity 
in  terms  of  Sodium  ^ 
Carbonate. 

.021 
.089 
.056 
.046 


P.  B.  Moss,  Aug.  24,  i8g8.     Third  location  fifty  feet  east  of  last 
point,  alkali  showing  in  places.   Poorer  yield  of  alfalfa  than  preceding. 

Percent  of  Percent  of  Alkalinity 


Lab. 
No. 

715 
716 

717 


Depth  in  Inches. 

0tol2 

12  to  24.  more  moist, 
24  to  86,  3i  feet  water. 


Sodium 
Sulfate. 

1.15 
.95 
.72 


in  terms  of  Sodium 
Carbonate. 

.028 
.089 
.089 


P.  B.  Moss,  Aug.  24,  1898.  Fourth  location,  18  paces  east  of 
preceding  location.  Alfalfa  nearly  all  dead,  occasional  thrifty  plants; 
sampled  near  west  end  of  alkali  spot. 

Percent  of  Percent  of  Alkalinity 


I                   Lab. 
1                   ^^' 

Depth  in  Inches. 

Sodium 
Sulfate. 

in  terms  of  Sodium 
Carbonate. 

718 
719 
720 
721 

Surface  crust  i  inch,  pulv. 
0  to  12. 
12  to  24, 
24  to  86,  quicksand,  water. 

18.91 

1.27 

.78 

.52 

58.     Fifth 

location 

.032  Solution 

.«» so 

.042 

P.  B.    Moss,    Aug.    24,    18. 

,   east  of  the   other 

places.     Absolutely  barren   ground,    good 

stand 

of    alfalfa  in  spring, 

died  out  about  July  24,  1898. 

Lab. 
No. 

Depth  in  Inches. 

Percent  of 

Sodium 

Sulfate. 

Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

722 

1                  r28 
724 
725 
726 

• 

Surface  crust, 
0  to  12, 
12  to  24, 

24  to  36,  white  spots 
86  to  42.  water 

85.07 

1.08 

1.80 

1.24 

.99 

cation. 

.058 
.028 
.025 
.032 
.082 

P.  B.  Moss,  Aug.  25,  1898. 

Sixth  lo 

Alfalfa  just  living. 

Lab. 
No. 

Depth  in  Inches, 

Percent  of 
Sodium 
Sulfate. 

Percent  of  Alkalinity 

in  terms  of  Sodium 

Carbonate. 

727 
728 
729 

0  to  12, 
12  to  24, 
24  to  36.  water. 

1.75 

1.16 

.96 

.021 
.089 
.049 

i  4 


:.^ 
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,  west  of  Twin  Lakes,  Sec.  34,  T.  3  N. ,  R.  22  E.,  Aug. 


ilijthtly  moUt. 

ilfKhlly  muUt.  t 

Is, 

! lightly  moist,  \ 

uoist, 

white  pebbles. 
very  moist, 
»ery  moist, 
fery  nmist. 


Percent  of 
Sodium 
ijiilfate. 


Percent  ot  Alkalinity 

in  lemiB  oi  So<tintu 

Carboaate. 


rings,  Montana,  June  30th,  1898.  Samples  from  E.  645 
ken  on  land  of  Mitchell  &  Mussigbrod  near  Insane  Asy- 
t  of  samples  was  taken  from  north  side  of  excavation  for 
[asylum.  Very  light  colored,  nothing  growing  on  sur- 
vhere  no  attempts  at  culture  have  been  made. 

Percent  of  Percent  of  Alkalinity 

Sotliiim  in  terms  ot  Sodium 

n  Inches.  Sulfaie.  Carbonate. 

Illthi  colored.  '■!'>*  .08 

iravei  aii<l  sand,  roots 

depth,  t  08  M 

.0  gravel,  liffht  eolored 


i  Mussigbrod,  Warm  Springs,  Montana,  June  30,  1898. 
ner  of  oat  field  west  of  water  tank  of  railroad.  Sampled 
>rner  diagonally.  Fair  stand  of  oats.  Ground  moist  at 
ch  is  near  entrance  of   water   to  the    field.     About  ^  of 


Percent  ot 

Percent  ot  AlKaii 

aity 

Sodium 

in  terms  ot  Sodi 

m 

a  Inches. 

Sullale. 

Carbonate, 

«rk  soil. 

4.36 

.00 

light  soil. 

nm 

08 

liKht  soil. 

2.18 

07 

iKht  soil. 

3(W 

13 

Jark  Mil, 

gravel. 

0.04 

18 

m 

■A-^' 
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Mitchell  &  Mussigbrod,  Warm  Springs,  Montana,  June  30,  1898. 
Same  oat  field,  55  feet  north  of  south  fence  and  115  feet  east  of  west 
fence.     Alkali  shows  heavy  on  surface,  occasional  spears  of  oats. 

Percent  of  Pecent  of  Alkatioity 


Lab. 

No. 

653 

654 

659 

655 

656 
657 
658 


Depth  in  iDches. 

Surface  elHoresceDce. 
0  to  6,  dark  soil,  moist, 
6  to  12.  lightpDiuist, 

12  to  24,  light,  moiat, 

24  to  86.  light,  moist, 

36  to  42.  moist. 


Sodium 

in  terms  of  Sodium 

Sulfate. 

Carbonate. 

30.65 

.28 

4.87 

.09 

2,37 

•03 

2.38 

.07 

2.23 

.07 

302 

.09 

rel.  water,  2.65 

.09 

Samples  from  Montana  Experiment  Station,  Aug.  6,  1898.     Loca- 
tion No.  I,  Forestry  Nursery,  marked  by  stake. 
Lab.  No.  Depth  in  Inches.  Per  cent  of  Sodium  Sulfate. 

660  0  to  12  .024 

661  12  to  24,  white  spots,  '  .32- 

662  24  to  36.      .  .29 

663  36  to  48.  .47 

664  48  to  60.  .17 

665  ■  60  to  72,  water  5i  feet,  .14 

Location  No.  2,  in  Forestry    Nursery,    marked   by   stake.     Soil  9 
inches  deep.     Water  6  feet.     Gravel  9  feet  4  inches.     Aug.   6,  1898. 

Lab.  iNo.  Depth  in  Inches.  Percent  of  Sodium  Sulfate. 

666  0  to  12,  .03 

667  12  to  24.  .15 

668  24  to  36.  .33 

669  36  to  48,  .22 

670  48  to  60,  .05 

671  60  to  72.  .11 

Location  No.  3.     Prairie  east  of  Forestry  Nursery.     Aug.  6,  1898. 
E.  672  to  679. 

Lab.  No.  Depth  in  Inches.  Percent  of  Sodium  Sulfate 

672  0  to  6,  .02 

673  6  to  12.  ..03 

674  12  to  24,  .13 

675  24  to  36.  .12 

676  36  to  48,  .03 

677  48  to  60,  .03 

678  60  to  72.  .08 

679  72  to  108,  .02 

9th  foot  water. 

Aug.  6,  1898.     Location  No.  4,  clover   field,   20   acres,  southwest 

corner  of  farm.     Soil  12  inches  deep.     Gravel  51  inches. 

Lab.  No.  Depth  in  Inches.  Percent  of  Sodium  Sulfate. 

680  0  to  12,  .015 

681  Subsoil,  .017 


i 
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Aug,  6,  1898.     Location  N0.5,  clover  field  west  of  St£ 
ing.     Soil    12   inches   deep.     Heads   of   clover   mostly  dei 
patch,  rest  of  plant  thrifty.     Clover  left  for  seed. 
Lab.  No.  Uepth  in  locbes.  Percent  of  Soi 

68a  Oto  la.  -03 

683  1'J  10  34.  moist,,  .08 

684  -'4  10  -M.  .04 

685  3H  to  42.  ((rAvet  unit  water,  .02 

Aug.  6,  1898.     Miscellaneous  samples.     Location    No 
field,  N.  W.  corner  of  farm,  more  moist  than  location  No. 

and  water  3  feet. 

Lab.  No.  I>eBcriplion.  Percent  of  Soi 

Bill  Soil.  .01 

693  Subsoil.  .01: 

Aug.  6,  1898.     Analyses  of  Rotation  Plat  samples. 


DeBcriplioD. 
Plat  No.  1.  wheat,  soil  1  ft.  de« 
Biiivel  V  ft.  to  il  ft. 

Plat  No.  2,  peiia.  soil  10  inches. 

(rmvel  *i  feet. 
Plat  No.  S.  oata,  soil  U  in 
Subooil, 

Plat  No.  4,  beeta,  soil  10  i 
Subsoil, 

Plat  No.  .1,  barley,  soil  8  i 
Subsoil. 

Flat  No.  6,  clover  soil.  12 
Subsull, 


Percent  of  Soc 


l^ra.el  3i  ft., 
,  gravel  SI  ft.. 
„  gravel  81  fl., 
I.,  gravel  4^  ft., 


Soils  from  Helena  and  vicinity. 


Description.  Sull 

Soil.  Ft.  UarrisoD  Cantine.  .0 

Subsoil,  Fl.  llarrisoa,  Mont.         .0 
Soil,  Helena,  Montana,  G  in. 
deep,  sanipleil  100  yardx  west 
of  M.  C.  Depot,  and   uorth  of 
car  track.    Mixed  with  irreg- 
ular limealone  fragments.        .<! 
Subsoilof  No.  427  .(I 

Soil.  Ten  Mile  Gulch  between 
Brondwator  Hotel  and  State 
NurM^rj  Co.,  Helena.    Soil  3 
ft.  to  4  ft.  deep,  (iravel  ImIow. 
Wate)^  2i  feel,  .'. 
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Sappington. 


y  Heeb,    Gallatin   county.     Sampled   in  timothy   and   wiid 

dow.  Unable  to  dig  deeper  than  one  foot.  Formerly  alkalied. 

Percent  of  Percent  of  Alkalinit] 

Sodium  Id  tenns  of  Sodium 

DoscriptioD.                         Sulfate.  Carbonate. 


S  inches  deep, 
12  inches  deep. 


Y  Heeb,  Gallatin  county.  Samples  taken  on  highest  ridgein 
Oats  (ailed  to  grow  on  ridge  but  good  yield  elsewhere, 
ed  to  reach  this  ridge.  Mr.  Heeb  believes  water  washes  oul 
pletely. 

Percent  ot  Percent  at  Alhalinitj 

Sodium  in  terms  of  Sodium 

pth  In  locbes.                  ,    Sulfate.  (JarlKio&te. 

>13.                                          1.89  M-i 


<M. 


.078 


COMPARISON  WITH  OTHER  SOILS. 

>asis  for  comparison  the  analysis  of  a  number  .of  soils  from 
ions  is  here  offered.  It  will  be  noticed  that  while  there  is  an 
nptete  absence  of  soluble  sodium  sulfate  in  these  soils,  the 
alkalinity  is  in  general  not  far  from  that  shown  to  be  present 
Montana  alkali  soils.  The  samples  used  are  all  from  the 
)f  the  American  Association  of  Official  Agricultural  Chemists 
jecn  very  carefully  analyzed  by  many  of  the  chemists  of  the 
n.     The  sources  of  these  soils  with  their  history  and  analysis 


:-':'■'. 
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A.  O.  A.  C.  1895.  Sample  No.  1.— From  plot  5.  acre  P.  Kentucky  Experiment 
Station  Farm:  collected  November  22,  1804,  by  takinj;  up,  with  a  tool  made 
for  the  purpose,  cylindrical  cores  of  soil  to  the  depth  of  6  inches  from  60  dif- 
ferent places  at  reprulnr  intervals  over  the  whole  extent  of  the  plot  (one-tenth 
acre).  In  this  way  about  70  pounds  of  soil  were  obtained,  and  this,  after 
p  thorough  mixing  with  a  spade,   was  sifted   through  a  one-eighth  inch  mesh 

\  sieve  and  thoroughly  air  dried  ;  it  was  then  mixed  again  and  stored  in  a  box 
'  .  from  which  the  samples  sent  out  were  taken.  These  samples  were  not  bottled, 
but  simply  wrapped  in  paper.  Acre  P  of  the  Kentucky  Station  has  been 
planted  with  corn  for  seven  years  in  succession  previous  to  the  taking  of  this 
sample,  m  an  experiment  with  commercial  fertili/^ers,  in  which  each  plot  re- 
ceived the  same  fertilizer  every  year.  The  plot  in  question  (No.  5)  received 
'  available  phosphoric  acid  and  nitrogen  at  the  rate  of  57  and  26  pounds  per 
acre  respectively,  each  year,  iu  the  form  of  aci<1  phosphate  and  nitrate  of 
soda.  The  yield  from  this  plot  in  1894,  calculated  to  the  acre,  was  :  ear  corn, 
1,078  pounds  ;  fodder,  2,030  pounds. 

A.O.  A.  C.  1895.  Sample  No.  2.— From  plot  5  of  field  of  the  Rhode  Island  Experi- 
ment Station  at  iCingston.  used  for  experiment  with  fiertilizers  on  corn  irom 
1890  to  1894,  in  which  year  uiiscellaneous  crops  were  grown,  collected  by  U. 
J.  Wheeler  in  a  manner  .similar  to  that  described  uuder  Sample  No.  1,  but 
taking  the  soil  from  the  south  two-thirds  of  the  plot  and  from  about  twelve 
placcb'  only.  The  soil  was  a  sandy  loam,  containing  much  vegetable  matter, 
giving  it  a  dark  chocolate  color.  The  rook  fragments  sifted  out  were  granitic 
in  character.    This  plot  had  received  its  fertilizers  each  year,  beginning  with 

|;  1890,  about  25  pounds  of  nitrogen  and  7G   pounds  of  potash    per  acre,  in  the 

^  form  of  nitrate  of  soda  and  muriate  of  potash. 


Jr        A.  O.  A.  C.  1895.    Sample  No.  3.— From  acre  P,  plot  6,  Kentucky  Station  ;  collec- 


f 


ted  and  prepared  in  the  same  way  and  at  the  same  time  as  No.  1.     This  plot 
bad  received  each  year  80  pounds  of  potash  per  acre  and  about  26  pounds  of 
\C  nitrogen  in  the  form  of  muriate  and  nitrogen.    The  yield  from  this  plot  in 

|s  1894.  calculated  to  the  acre,  was  2,457  pounds   ear  corn,   and  3/810  pounds 

'^  ■  fodder. 


I 


\ 


f^  A.  O.  A.  C.  1895.  Sample  No.  4.— From  plot  2  of  the  Kingston,  R.  I.,  field  ;  col" 
lected  by  H.  J.  Wheeler  in  the  same  way  as  No.  2.  This  plot  had  received 
each  year  about  50  pounds  of  available  phosphoric  acid  per  acre  in  the  form 
of  dissolved  bone  black. 

A.  O.  A.  C.  1896.  Sample  No.  1.— From  acre  P,  plat  2.  of  the  Kentucky  Experi- 
me  nt  Station  Farm,  li  has  been  cultivated  for  a  number  of  years  without 
the  addition  of  any  fertilizer,  and  will  not,  at  present,  produce  a  large  crop. 
From  several  years*  fertilizer  tests  on  adjanent  plats,  it  has  been  shown  that 
iu  all  probability  the  trouble  is  lack  of  available  potai^h. 

A.  O.  A.  C.  1896.  Sample  No.  2. — From  the  Kentucky  Experiment  Station  Farm. 
The  soil  has  not  been  under  cultivation,  at  least  for  a  number  of  years,  and 
in  all  probability  contains  sufficient  available  potash  to  produce  several  good 
crops. 

A.  O.  A.  C.  1897.  Sample  No.  1. — From  Rothamsted  Experiment  Farm.  Wheat 
grown  continuously  for  58  years  without  any  ra  anure.    Gilbert  mark  W3. 
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A.  O.  A.  C.  1897.  Sample  No.  2.— From  Rothamsted  Experiment  Farm.  Gilbert 
mark  B2A.  Fertilized  for  58  years  with  200  pounds  ammonium  salts  and  350 
pounds  superphosphate  per  annum. 

Percent  of  Sodium       Percent  of  Alkalinity  In  terms 
Sulfate.  of  Sodium  Carbonate. 


A.  0.  A.  C.  No.  1—1895 

.033 

.004 

No.  2—1895 

.015 

.001) 

No.  3—1895 

.018 

.014 

No.  4—1895 

.088 

.019 

No.  1—1896 

.007 

.009 

No.  2—1896 

.005 

.014 

No.  1—1897 

.054 

.072 

No.  2—1897 

.017 

.067 

PLANS. 

It  is  our  purpose  to  continue  the  work  thus  begun  for  several 
years.  We  desire  to  make  a  thorough  survey  of  the  State  to  fully  de- 
termine the  distribution  of  the  alkali,  and  to  continue  the  investigation 
in  the  field  already  studied,  noting  especially  the  variation  of  salts  un- 
der  the  different  prevailing  conditions. 
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1.  Almost  without  exception  where  alkali  exists  in  Mont 
of  the  "white"  kind  and  not  the  "black." 

2.  The  alkali  owes  its  origin  to  the  rock  from  which  the  : 
formed,  and  is  present  because  the  annual  precipitation  is  not  e 
tO' carry  it  away  in.  solution. 

3.  There  is  Ao  economical  chemical  antidote  for  "white 
For  "black  alftali"  gypsuip  is  used.  This  changes'  it  into  the  1 
ful  "white  alkali." 

+.  Where  pecuniary  conditions  permit,  the  alkali  lands  si 
underdr^ned. 

5.  'Judicious  surface  flcoding  is  beneficial. 

6.  Alfalfa  is  the  ideal  crop  for  alkali  lands. 

7.  Irrigation  should  be  practiced  with  caution. 

8.  Patience  allied  with  intelligent  farming  will  improve  bi 
and  prevent  threatening  conditions  becoming  worse  oni;s. 
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HISTORY  OF  THE  BEET  SUGAR  INDUSTRY. 

Oliver  de  Serres,  about  the  end  of  the  sixteenth  century,  first  drew 
attention  to  the  similarity  of  boiled  beet  juice  to  sugar  syrup. 

Marggraf  about  the  middle  of  the  eighteenth  century  showed  that 
beets  and  several  other  varieties  of  root  crops  contained  sugar,  while 
his  pupil,  Achard,  about  fifty  years  later,  first  made  sugar  in  large 
quantity  from  beets,  and  from  the  beginning  of  this  century  to  the 
present  time,  when  the  annual  production  of  beet  sugar  amounts  to 
nearly  five  million  tons,  the  efforts  for  its  economical  production  have 
been  great  and  continuous.  During  the  early  years  of  the  industry,  the 
Emperor  Napoleon,  by  his  immediate  interest,  by  gilts  of  money,  by 
placing  aside  land  for  use  in  beet  culture  and  by  the  giving  of  prizes 
and  decorations,  did  much  to  further  its  progress. 

The  history  of  the  efforts  to  manufacture  beet  sugar  in  our  own 
country  dates  back  to  1S30,  and  from  that  time  until  within  the  present 
decade  a  series  of  failures  is  recorded  which  were  due  to  lack  of  tech- 
nical knowledge  on  the  part  of  those  in  charge.  To  this  lack  of  knowl- 
edge is  directly  chargeable  the  selection  of  sites  for  factories,  either  in 
one  way  or  another,  not  suited  for  the  purpose. 

Not  until  within  the  last  ten  years  has  this  industry  established 
itself  upon  what  may  be  considered  a  secure  foundation,  and  I  am  sure 
that  judged  by  the  results  of  the  past  few  campaigns  of  some  of  the 
successful  companies,  even  the  most  skeptical  must  acknowledge  the 
fact  that  the  manufacture  of  beet  sugar  is  at  last  firmly  established  in 
the  United  States. 

PRODUCTION  AND  CONSUMPTION. 

The  world's  production  of  sugar  in  1895  was  8,323,943  tons,  of 
which  57  per  cent  was  beet  sugar. 

The  consumption,  of  course,  keeps  pace  with  the  production*  and 
in  1895  amounted,  in  the  United  States,  to  1,950,000  tons,  which  has 
been  estimated  to  amount  to  an  average  of  62.6  lbs.  per  capita.  If  the 
consumption  in  Montana  is  proportional  to  the  average  consumption  of 
the  United  States,  it  amounts  to  12,520,000  lbs.  on  the  basis  of  a  pop- 
ulation of  200,000. 

If  this  were  produced  within  our  own  State  all  this  money  could 
be  diverted  to  other  uses  and  WQ  wQuld  be  proportionally  richer. 
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It  is  estimated  that  the  annual  import  of  sugar  into  the  United 
States  is  something  like  1,800,000  tons,  which  is  valued  at  more  than 
Sioo,ooo, 000.00.  It  is  generally  conceded  that  this  could  be  produced 
in  this  country  at  a  profit.  This  being  true,  note  what  opportunities 
are  offered  for  the  further  development  of  the  beet  sugar  industry. 

The  following,  quoted  from  Iowa  Bulletin  No.  37,  applies  also  to 
Montana  : 

"The  people  of  Iowa  annually  pay  out  about  86,000,000  for  sugar. 
Perhaps  it  does  not  often  occur  to  us  that  this  expenditure  amounts  to 
about  $16,000  a  day,  by  the  people  of  an  agricultural  state,  for  a  pro- 
duct that  is  purely  agricultural  in  its  primary  form,  and  for  the  produc- 
tion of  which  all  other  conditions  are  favorable.  An  acre  of  good  Iowa 
land  planted  to  corn  and  yielding  forty  bushels,  and  marketed  at  twenty 
cents  per  bushel,  will  buy  about  1  jo  pounds  of  pure  granulated  sugar. 
The  same  aroa  planted  to  good  sugar  beets  and  properly  cultivated  will 
easily  yield  3.500  to  3,000  pounds  of  pure  sugar.  There  is,  of  course, 
a  large  outlay  and  expenditure  in  growing  the  beets,  and  the  expense 
of  manufacturing  is  also  involved  in  thfe  production  of  the  sugar,  but 
the  cash  return  from  an  acre  of  corn  on  the  foregoing  basis  is  only  S8, 
while  the  cash  return  to  the  farmer  from  a  good  crop  of  sugar  beets  is 
f 45  to  S50  per  acre.  (,It  should  be  noted  in  this  connection  that  all 
this  money  is  spent  for  labor  on  the  farm.)  Within  a  comparatively 
few  years,  sugar  has  assumed  a  prominent  place  in  the  daily  bill  of  fare 
in  all  civili/.cd  nations:  and  it  is  no  longer  regarded  as  a  mere  luxury  in 
the  form  of  a  condiment  or  sweetening  for  other  foods,  but  recent  in- 
vestigations in  testing  the  endurance  of  the  European  army  on  various 
foods  have  d<;vi'loped  the  fact  that  sugar  is  an  important  nutriment  and 
well  calculated  to  *  +  ««•*  sustain  physical 

and  mental  exertion.  It  is  not  strange,  then,  that  the  consumption  of 
sugar  by  the  American  people  should  have  reached  over  sixty  pounds 
per  capita  annually  within  a  few  years,  and  the  world's  consumption  of 
sugar  increased  over  two-thirds  within  a  decade.  We  consume  over 
twice  as  much  sugar  per  capita  as  the  German  people,  notwithstanding 
the  fact  that  (iermany  leads  all  the  nations  in  its  production  of  sugar 
for  export.  So  important  is  this  industry  regarded  there,  that  a  tax  is 
put  on  the  sugar  consumed  at  home  and  a  bounty  paid  on  that  ex- 
ported. It  would  re(iuire  not  less  than  fifteen  or  twenty  well  equipped, 
lully  organized  factories,  of  from  three  to  five  hundred   tons   daily   ca- 
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pacity,  running  day  and  night  during  the  ordinary  manufacturing  sea- 
son,  to  produce  the  sugar  consumed  by  Iowa  alone.  These  considera- 
tions, together  with  the  fact  that  Iowa  lies  almost  wholly  within  the 
sugar  belt  as  described  by  the  lines  of  favorable  climatic  and  soil  con- 
ditions for  sugar  production,  have  led  to  the  extensive  investigation  of 
this  subject  that  is  now  being  carried  on  in  various  parts  of  the  state. 
There  are  good  and  essential  reasons  why  the  beet  sugar  industry 
should  be  established  in  Iowa.  In  addition  to  saving  the  expenditure 
of  $6,000,000  annually  that  should  be  kept  at  home,  it  would  bring  a 
ji.-  better  system  of  agriculture  to  the  State  in  all  of  its  branches.  Sugar 
beet  culture  would  bring  more  thoroughness,  more  careful  methods, 
more  intelligence  and  a  more  rational  and  balanced  system  of  farming. 
Every  well  cultivated  field  of  sugar  beets  stands  as  an  object  lesson  in 
good  farming  and  a  protest  against  superficial  and  slovenly  methods. 
Sugar  beet  growing  necessitates  the  intensive  system  of  agriculture, 
and  this  system  applied  to  Iowa  means  better  crops,  better  stock,  bet- 
ter farm  products,  better  homes  and  a  better  farm  life  in  every  way. 
The  introduction  of  beet  culture  would  be  of  incalculable  value  to  the 
live  stock  industry,  independent  of  its  other  advantages.  The  beet 
pulp  And  the  roots  that  would  be  fed  directly  to  the  stock  would  result 
in  higher  excellence  and  greater  economy  of  production.  Then,  too, 
there  is  no  crop  that  could  be  so  advantageously  introduced  in  our  plan 
of  rotation  as  the  sugar  beet.  It  is  eminently  adapted  to  combining 
with  the  green  crops.  Chemically  considered,  pure  sugar  consists  of 
nothing  but  carbon  dioxide  and  water,  both  of  which  nature  has  sup- 
plied in  great  abundance.  The  removal  of  a  crop  of  sugar  takes  noth- 
ing from  the  soil  that  is  of  any  value  in  fertility.  If  the  pulp  is  fed  and 
the  droppings  of  the  animals  applied  as  manure,  beets  will  exhaust  our 
lands  less  than  any  crop  we  grow.  There  are  only  three  agricultural 
products  that  can  be  grown  extensively  without  exhausting  the  soil, 
viz. :  sugar,  cotton  and  butter.  When  we  sell  butter  we  sell  pure  fat, 
and  $i,ooc  worth  of  it  would  not  contain  ti  worth  of  material  that  has 
any  fertilizing  value,  and  if  we  were  to  sell  sugar  we  would  be  selling 
pure  carbohydrates  that  would  have  no  value  as  a  fertilizer;  but 
1 1,000  worth  of  wheat  or  oats  at  present  prices  would  take  from  the 
land  over  $300  worth  of  fertility,  or  at  least  that  which  would  cost  that 
amount  if  restored  in  the  form  of  commercial  fertilizers.  Commercial 
fertilizers  will  never  become  necessary  in  Iowa,   provided  rational  pol- 
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TABLE  No.  5. 

STATISTICS  OF  THE  PRODUCTION  OF  BEET  SUGAR  IN 

THE  UNITED  STATES  FOR  THE  YEAR  1897. 

(Krom  Special  Report  na  the  Beat  Sugar  ladustry.  U.  S.  Uept.  A)trio.  1897.) 

Number  of  fuctories  in  operntion 9 

Number  of  acres  n1  beets  bartuaied 41,279 

Appraximaie  averajje  price  paid  for  beets M.IO 

Approximate  average  per  ceot.  of  au^ar  in  the  beeta 14.4B 

Total  pounrianf  sntnulated  Ruitar  made 90.060,470 

Toial  pounds  of  raw  siiKar  made 481,300 

lirauulaied  sugur  oblaliied  percent  beets 11.56 

Raw  tnfct^r  ubtained  per  cent,  beels 0.06 

Total  sugar  obtained  per  tou  (2.O0O  ponods)  of  beets,  pounds 38S.4 

TABLE  No.  6. 

STATISTICS  OF  INDIVIDUAL  FACTORIES  FOR 

THE  YEAR  1897. 

I 

NAMS  or  FACTOUY 

AND  I 

LOCATION 


AlimeiU  BOKST  Ua 
CblDO  Vkllay  Beet  SiiBU 

FIril  K   Y.  Beet  Sngir' ' 

Co  ,  Rome,  x    V 
Oxnnnl  Beet  8iif*T  Co. 

Grand  lei an<l7>eb 

Lo(  AlBiDltM  So^r  Co. 

I.nn  AliiDltoe.  Cal 

Norfolk  B«et  Soiiir  Go. 

Norfolk.  Ni-b 

rmt*  Vallej  B«Bt  ^nalr 

Co..Ed(lv,N    UaxlDO  . 
L"i»h  B<)*>l8q(»rt'o. 

Labi,  Ut>b  

Wntern  Bw-tSngsrCo. 

Wkt»DTllla,  <;»■.. .     . 

Total 

(a)    •l.AOpar  ton  lor  IX  per  u-n(.  beelt,  uidUoeatsi 
Cbtvo  Factory  ein]ilo7Ml  a  uoehsrate  pnicau. 

(bl    Red  bestsS'.t  10  IX  percent,  sns*!;  wbltebCBta 
■Isaat  reporlt-d. 

(<!)    tSl  .lOU  poanili  raw  luitarare  laclnJcd. 

Id)    Mot  reinneil. 


1 

1 
1 

[! 

"  s 

s  a 

i 

1  0 

? 

i 

s 

1 

1 

«7TS 

W.flo 

BO 

*!» 

lo.itw.fiw 

0T,IS7 

W 

IBI 

t  10 

■H.Mt.Ki 

4.11a 

uoo     1 

«S 

<bl 

7».7il0 

w.tai 

<d) 

(dl 

2  90 

(i.7(e..1U0 

W,HT 

MIS 

w 

S.73 

«.oi-,o.«i 

M,1U 

<d) 

W) 

3  60 

T.Ml.tllU 

6.7«l 

u.w 

18 

t  mi 

l,i>:i<I.IXIi> 

IK,.'i<» 

M.ta 

M 

8. an 

;i,.,70,BI« 

nn.BTs 

•1.00     1 

IM 

3.00 

ifl.776,W)0 

!«,«» 

i 

flo,tei,e;n 

per  Ion  for  eaah  percent.  aboTulx.    The 
per  cent  sSKSr.    At'erafe  analr- 


ik  MONTANA  EJiPEIilMENT  STATION. 

CLIMATE. 

;udy  of  the  climatic  conditions  favorable  to  the  successful 
beet,  a  mean  temperature  of  70  degrees  Fahr.  for  the 
months  was  considered  to  be  very  important,  and  a  sugar 
drawn  showing  this  isothermal  line.  We  are  far  north 
I  in  the  Yellowstone  valley  there  is  a  locality  where  the 
ture  is  71  degrees  Fahr. 

rigation  is  used  the  question  of  the  extent  of  rainfall  is 
iportance.  Where  irrigation  is  not  practiced  the  rainfall 
i  from  April  to  October  inclusive  should  amount  to  about 

in  land  has  a  great  many  advantages  over  land  depending 
of  nature  for  its  water  supply.  Sugar  beets  require  a 
tnuous  supply  of  water  during  the  early  part  of  thegrow- 
lile  abundant  rains  in  the  autumn  lower  the  sugar  con- 
:rially.  Many  instances  have  occurred  where  crops  were 
:d  by  late  rains,  and  the  newspapers  report  that  one  of 
ugar  factories  in  the  West  will  remain  idle  this  season 
drought.  Sugar  beets  are  injured  by  too  warm  weather, 
abundance  of  sunshine,  of  which  in  this  country  there  is 
disadvantage  of  the  climate  of  Wyoming  is  the  short- 
ison,  on  account  of  which  beets  do  not  always  have  time 
s,  and  crops  cannot  be  put  in  at  different  times  so  as  to 
ion  of  ripe  beets  at  the  factory  while  in  operation.  It 
y  be  necessary  to  put  most  of  the  beets  in  silos." — (Wy- 
1  No.  36,  P.  196). 

le  conditions  existing  in  Montana  are  not  the  id^a/  theo- 
>ns,  yet  we  can  grow,  as  has  been  demonstrated,  good 
with  high  sugar  content.  The  average  of  results  in 
pares  favorably  with  any  state's  product. 
ot  be  understood  that  those  who  have  studied  the  sugar 
lited  States  have  laid  down  any  hard  and  fast  rules  con- 
tribution. They  have  attempted  to  formulate  rules  that 
guides,  but  in  every  case  they  grant  that  there  may  be 
5  in  which  conditions  are  not  just  what  they  have  stated 
irhere  sugar  beets  may  be  successfully  grown. 
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"There  is  probably  not  a  state  or  territory  i 
not  capable  of  growing  a  fair  article  of  sugar  b 
South  beets  of  fair  sugar  content  have  been  proi 
tonnage;  but  when  the  competition  of  the  world 
price  of  sugar  as  low  as  it  16  now,  only  those  par 
the  soil  and  climate  are  especially  favorable  can 
pete  successfully  with  the  beet  sugar  industry  air 
in  older  countries.  The  sole  valuable  lesson,  th< 
cuous  distribution  of  beet  seed  is  in  the  fact  that 
ions  best  suited  to  the  growth  of  the  sugar  beet ' 
lined,  and  intending  investors  led  to  the  proper  I 
lishmentof  factories." 

"In  so  far  as  thermal  conditions  are  conceri 
arid  regions  could  be  devoted  to  beet  culture  if  t] 
culture  were  favorable.  The  differences  of  elevj 
cause  numerous  sudden  changes  of  temperatm 
doubtless  many  localities  not  marked  on  the  ma[ 
mer  temperature  is  almost  identical  with  that  wl 
mapped  out.  By  reason  of  the  meagerness  of  d: 
otherwise,  relating  to  this  ^^hole  region  west  of  t 
shading  showing  the  probable  extension  of  the  beei 
ders  of  the  basic  thermal  belt  has  been  omitted, 
sion  of  this  thermal  belt,  accompanied  as  it  is  by 
tion,  is  not  necessary  at  this  point." 

"On  the  other  hand,  there  are  many  local 
indicated  belt,  both  north  and  south,  where  doi 
will  be  found  to  thrive.  The  map,  therefore,  mu 
only  in  a  general  way  those  localities  at  or  nea 
pect  success  to  attend  the  growth  of  sugar  beets 
conditions  other  than  temperature  alone." 

"There  is  another  class  of  influences  that 
belt.  Take,  for  instance,  altitude.  There  may  1 
tory  sufficient  to  support  a  beet  sugar  factory  wh 
altitude,  the  conditions  arc  quite  different  from  tl 
surrounding  country,  and  we  have  no  doubt  1 
many  localities  of  this  kind.  It  should  be  the 
these  high  localitiet,  if  they  are  interested  in  this 
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conditions  separately  and  apart  from  the  experiments  in  other  portions 
of  the  state.  The  trend  of  mountains  and  location  of  valleys  modify 
materially  the  season  in  localities." 

« 

*'It  is  also  quite  true  that  the  agricultural  surveys  which  will  be 
conducted  by  the  several  states  will  locate  dq^nitely,  beyond  the  limits 
already  outlined,  the  areas  where  successful  beet  culture  will  be  prac- 
ticed. I  may  venture  the  prediction,  however,  that  these  areas  will  be 
contiguous  to  the  zone  which  is  already  mapped  out,  and  that  the  fu- 
ture beet  sugar  indu3try  of  the  United  States,  when  it  shall  have 
reached  a  magnitude  sufficient  to  supply  to  our  people  a  large  part  of 
the  sugar  they  consume,  will  be  located  almost  entirely  within  the  areas 
which  have  been  thus  traced.'* 

**In  connection  with  the  temperature  must  be  considered  the  rain- 
fall, the  contour  and  the  nature  of  the  soil,  the  possibility  of  irrigation, 
the  abundance  of  subsoil  mixture,  the  proximity  of  coal,  limestone  and 
water,  price  of  labor,  facilities  for  distribution  and  transportation,  and 
many  other  matters  which  are  important  in  a  discussion  of  the  subject. 
It  is  further  evident  that  the  tracing  of  a  single  isothermal  line  and  the 
arbitrary  addition  thereto  of  a  certain  width  of  land  on  either  side  do 
not  give  even  the  proper  theoretical  thermal  basis  for  a  careful  study  of 
climatic  conditions." — (Special  Report  on  the  Beet  Sugar  Industry, 
1897). 

** The  results  obtained  at  the  Montana  Experiment  Station  show 
what  can  be  done  by  careful  culture,  and  indicate  that  Montana,  under 
proper  conditions,  is  capable  of  producing  a  fairly  good  sugar  beet. 
The  data  in  general  are  sufficiently  encouraging  to  warrant  the  Agri- 
cultural Experiment  Station  of  the  state  in  making  a  more  thorough 
and  careful  agricultural  survey  of  the  possibilities  of  beet  production." 
— (H.  W.  Wiley,  Report  on  Beet  Sugar  Industry,  1897). 

This  it  seems  to  me  is  a  sufficient  statement  of  the  case.  The  fact 
remains  that  we  have  succeeded  in  growing  sugar  beets  in  which  yield, 
sugar  content  and  purity  are  up  to  standard,  which  is  usually  put  in 
this  country  at  12  per  cent,  sugar  in  the  beet  with  a  purity  coefficient 
of  80.  No  one  denies  facts,  and  no  one  has  pretended  to  authorita- 
tively state  that  conditions  existing  in  Montana  would  make  it  impos- 
sible to  do  this.  All  of  the  data  of  analytical  work  of  the  Chemical  Di- 
vision of  the  Department  of  Agriculture  supports  the  results  of  this  Sta- 
tion, and  these  analyses  extend  over  many  years. 
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Late  in  January  ol  the  present  ye&r  two  samples  of  crude  pro< 
were  received  from  Mr.  B.  C.  White,  Superintendent  of  the  Re 
School  at  Miles  City. 

"No.  i"  was  a  dark  colored  syrup  containing  forty-four  per  ■ 
of  sugar ;  this  was  part  of  the  thirty-three  ounces  of  syrup  made 
the  juice  of  eleven  pounds  o{  sugar  beets. 

"No.  3"  was  a  lump  of  dark  brown  sugar,  not  very  unlike 
candy,  which  contained  fifty-six  per  cent,  sugar.  By  way  of  com 
son  it  may  be  stated  that  the  brown  sugar  of  commerce  contains 
more  than  eighty  per  cent,  sugar. 

This  product  of  inexperienced  sugar-makers,  without  pi 
equipment  for  the  work  and  with  no  means  for  the  purification  o 
sugar,  is  an  earnest  appeal  to  what  might  he  done  under  better  ci 
tions.  Mr.  White  deserves  much  credit  for  his  work  which,  sol 
we  know,  is  the  pioneer  effort  toward  sugar  manufacture  in  the  sta 

SOILS. 

In  order  that  a  soil  may  be  suitable  for  the  sugar  beet  it  mu: 
easily  penetrated  by  the  descending  root.  A  sandy  or  loamy  soil 
the  subsoil  either  deep  or  equally  readily  penetrable  by  the  beet,  i 
quired,  for  otherwise  misshapen  beets  with  disproportionately  I 
crowns  result. 

This  precludes  the  presence  of  clayey  subsoils  or  stiff  hard- 
near  the  surface  and  makes  it  difficult,  if  not  impossible,  to  grow  I 
in  a  clay  soil.  The  wonderful  results  attending  the  planting  of 
crops  in  so  many  parts  of  Montana  shows  how  well  its  soil  is  ada 
to  such  plants. 

The  following  table  gives  the  average  composition  of  the  so 
the  Experiment  Farm  where  excellent  results  have  been  obtained  : 

TABLE  No.   7. 

AVERAGE  OF  SOIL  OF  EXPERI^MENT  FARM. 

Coarse  Mat«rial 1 .664  per 

Fine  "E^itb 98.386 
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ANALYSIS  OF  THE  FINE  EABTH  : 


CULTIVATION, 
thorough  pulverization  and  frequent  loosening  of 
ds  to  satisfactory  results.  The  previous  fall  the 
e  been  subsoiled  to  a  depth  of  from  12  to  15  inches, 
before  seeding,  the  soil  should  be  well  broken  up. 
e  soil  must  be  readily  penetrated  by  the  root  to  a 
I  twelve  inches,  for  a    well-formed,    good-sized  beet 

jcessary  to  have  the  soil  loose  to  prevent  any  con- 
F  the  root  above  ground,  for  all  that  portion  known 
loved  before  the  beets  are  weighed  at  the  factory; 
ot  loose  the  crowns  develop  to  a  great  extent.  Do 
:ep  between  the  rows,  especially  when  the  plant  is 
Cultivate  as  soon  as  possible  after  irrigation,  but 
;  ground  while  wet. 

rows.  Do  not  flood  the  beets.  Thin  out  the  plants 
e  four-leaf  stage. 

)f  from  six  to  ten  inches  between  plants  and  have 
;en  inches  apart. 

manipulation  together  with  a  description  of  the 
fouqd  in  Farrners'.  Bulletin  No.  52,  which  may  be  ob- 
to  the  Secretary  of  Agriculture,  Washington,  D.  C. 
ery  excellent  review  of  the  question,  and  every 
ested  in  the  sugar  beet  should  have  a  copy.     Much 
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that  is  important  concerning  climate,  soil,  cultivation,  harvesting,  etc., 
is  left  out  of  this  report  because  of  the  very  thorough  discussion  given 
by  Dr.  Wiley  in  the  above-numbered  bulletin.  An  inspection  of  the  re- 
ports of  the  Mcmtana  farmers  will  show  that  they  have  not  given  the 
crop  the  attention  that  it  requires. 

STORAGE. 

As  cold  weather  comes  in  Montana  before  the  manufacturer's  cam- 
paign, could  be  ended,  the  question  of  storage  and  protection  from  cold 
becomes  important.  Samples  of  beets  stored  by  us  showed  late  in 
January  sugar  contents  of  18.53,  ^7'^^  ^^^  i5'58  per  cent,  with  coeffi- 
cients of  purity  of  90.2,  85.6  and  84.1  per  cent,   respectively. 

The  samples  showed  no  appreciable  amount  of  drying  and  would 

indicate  that  the  loss  due  to  storage  over  several  months  would  be  slight. 

When  the  time  beets  are  stored  extends  to  five  or  six  months  there  is 

found  to  be  an  increase  in  weight  and  a  loss  in   sugar,   because  of  vital 

processes  in  the  plant. 

COST  OF  CROP. 
It  is  hard  to  form  an  estimate  of  the  cost  of  the  various  operations 

incident  to  raising  a  crop  of  sugar  beets  when  the  work  is  done  on  an 
experimental  scale.  For  this  reason,  therefore,  I  introduce  here  a  por- 
tion of  a  letter  from  Mr.  C.  A.  Granger,  of  the  Utah  Sugar  Co.,  to 
Prof.  H.  H.  Nicholson,  in  which  are  set  forth  the  costs  of  the  various 
operations  in  Utah  : 

**In  replymg  to  your  letter  as  to  the  cost  to  the  Utah  farmers  of 
cultivating  and  harvesting  their  sugar  beets,  I  would  respectfully  sub- 
mit the  following  : 

Fall  plowiDK,  12  inches  deep $  8  00 

Pulverizing  in  the  spring 1.00 

Rolling .80 

Planting 40 

Seed.  12  lbs.  18  els 2.16 

Hoeing  and  thinning,  tirst  time 8.50 

Hoeing,  second  time 800 

ForrowinK  out  for  irrigating,  two  times  at  75c 1.50 

Irri^ting  twice  at  50o 1  00 

CultivalinK  after  irrigating,  two  times  at  75c 1 .50 

Plowing  beets  out 1.50 

Pulling  beets  out  after  plow 8.0C 

Topping  12  tons,  at  45c ^: 5.40 

Hauling  12  tons,  at  60c 7.20 


Total  expeuse •     89.46 

Yield.  12  tons  per  acre  at  95 60.00 

Net  profit  per  acre $    .  20.54 
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The  above  figures  are  susceptible  to  some  slight  changi 
ng  upon  varying  conditions,  but  in  the  aggregate  they  are 
ict  as  they  could  be  arrived  at,  having  been  obtained  direct 
armers  as  the  result  of  their  last  year's  experience,  Thej 
I1.50  to  tie  paid  for  a  day's  labor,  and  are  based  upon  the  r< 
)eing  eighteen  to  twenty-four  inches  apart  and  the  beets  th 
ind  ten  inches  in  the  rows. 

The  yield  of  twelve  tons  to  the  acre,  which  is  here  usee 
is  being  too  low  for  an  average  by  at  least  three  to  four  ton 
veie  individual  acres  last  season  which  produced  over  thirtj 
nd  it  can  safely  be  estimated  that  with  the  advantages  of 
he  average  in  the  future  will  be  not  less  than  from  fifteen 
ive  tons. 

In  Nebraska  the  cost  is  placed  below  this — at  I33.21  p( 

The  following  figures  will  show  the  cost  to  Montana  gr 

perating  on  the  experimental  scale.     There  is  little   doubt 

igures  could  be  greatly  reduced  if  the  operations  were  carri 

irge  acreages. 

Bitter  Root  Stock  Farm,  Hamilton,  Montana.  Estim 
rowing  one-half  acre  ; 

Plowing 9 

Disc 

Harrowing 

Smoolliiog 

FlaaliDg 

ThioniDK  and  first  cultivation 

Cultivating  Soat  times 

Irrigating  four  times 

DiitginK 

Total 9 

Product  per  acre.  if3  loas. 
Henry  Buckhouse,  Missoula,    Mont.     Cost  of  experin 
alf  acre  : 

PrepariDfT  2  'lays  with  team — $ 

Plautiog  onahalf  day 

Tnioning  4  days 

Cultivating  one  liny 

One  irrigation 

Digging  2  days 

Total • 
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D.    R.   Thornber,   Chinook,    Mont.     Cost  of  raising  one  acre   of 

sugar  beets  : 

Preparatiun  of  the  soil $  5  00 

Planting 5  00 

Thinning 10.00 

Cultivation   .• 4.00 

Irrigation   2  00 

Digging 20.00 

Tolal $      46.00 

Yield  10  tons. 

I.  D.  O'Donnell,  Billings,  Mont.  Cost  of  raising  one-half  acre  of 
sugar  beets  : 

Flowing,  harrowing  and  marking,  man  and  team $  1  HO 

Sowing  seed • .75 

First  cukivation .75 

Second  cultfSation 75 

Thinning 2.00 

Irrigating .75 

Digging  and  hauling  to  root  house 4.50 

Total $      11.00 

Yield  18  tons. 

J.  W.  Strevell,  Miles  City,  Mont. 

The  following  letter  from  Judge  Strevell,  of  Miles  City,  is  so  full 
of  important  facts  that  it  is  quoted  in  full: 

**I  rounded  up  my  mjin  last  night  and  we  did  the  best  wj  could  to 
make  out  the  statement  for  you  in  regard  to  the  beets. 

1.  The  ground  upon  which  the  beets  were  planted  w-as  sod, broken 
in  the  fall  of  1897  ;  then  in  the  spring  I  put  the  disc  harrow  on  it,  first 
cut  the  sod  up  and  plowed  it  again  to  a  depth  of  twelve  inches,  then  on 
the  acre  I  sowed  about  twenty  loads  of  rotten  fertilizer,  using  old  ma- 
nure, then  put  the  harrow  on  it  and  pulverized  it  thoroughly  so  that  it 
planted  very  nicely.  This  left  the  ground  in  very  good  shape  but  en- 
tirely new,  never  having  had  a  crop  on  it  since  the  foundation  of  the 
world. 

2.  I  put  the  cost  of  preparing  the  acre,  independent  of  manure, 
at  $7.00. 

3.  Planting  beets,   ^4.00. 

4.  Cost  of  thinning  the  beets,   $8.00. 

5.  Cost  of  cultivating  beets,  $4.50  (two  cultivations.) 
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beets  and  putting  in  root  house — two  men  five  days 

eets,  24.00. 

planted  on  the  7th  day  of  May,  as  my  man  remem- 

think  this  is  correct.  They  were  irrigated  twice, 
ce  in  August. 

tely,  as  to  the  yield  per  acre,  we  have  slipped  a 
an  had  a  record  of  it,  he  says.  The  record  sup- 
ith — he  burned  it  up.  All  I  can  say  in  this  regard 
f  never  saw  a  heavier  yield.  By  this  I  do  not  mean 
;en  larger  beets.  The  beets  were  of  a  very  uniform 
ick  as  they  ought  to  stand — if  anything  a  little  too 
harity  of  it  was  the  uniformity  of  size,  and  I  never 
op  grow  anywhere,  so  that  you  may  put  this  yield 
you  have  ever  received  from  anywhere.  This  1  be- 
y  true. 

is  that  we  lost  the  account  of  the  yield.  We  took 
ecomraend  for  that  purpose,  counting  the  beets 
:,  then  taking  the  whole  length  of  the  row  and  then 
determined  by  the  weight  of  the  beets, 
ibout  it  is  that  while  I  believe  I  raised  as  fine  a  crop 
e  raised  anywhere,  yet  I  am  called  away  from  home 
iiness  is  not  primarily  farming,   that   I  am   not   the 

do  these  things  and  keep   the   record   of  them  in 

with  me  from  Michigan  who  was  an  expert  at  this 
he  never  got  done  standing  looking  at  the  field 
itions  about  it.  He  said  he  had  never  seen  equal 
growing  on  an  equal  quantity  of  ground," 

!\R  BEETS  AS  CATTLE  FOOD, 
farmers  in  various  parts  of  the  country  are  growing 
ental  way  and  have  no  opportunity  to  dispose  of 
gar  factories.  These  farmers  may,  nevertheless, 
small  quantities  of  sugar  beets  profitable  by  using 
le  food.  Following  is  an  analysis  lately  made  in 
sample  of  sugar  beets  received  from  a  locality  such 
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COMPOSITION  OF  FRESH  BEET  PULP. 

Fresh  Pulp.  Ury  Hatter. 

Moistare 78.87  per  cent.  per  oeat. 

Fibor(orude) 1.68       "  3.8» 

Ash 1.85        "  6.18 

Ether  extraot  (rat) 11        "  .42 

ProteWs 3.81        "  8.47 

Sunar  and  oiber  onrboby- 

dratei 80.98        "  80.04 

100.00  100.00 

The  sample  in  question  contained  73.87  percent,  of  water  and  36.13 
ent.  of  dry  matter.  The  analyses  of  hundreds  of  samples  of  beets 
is  laboratory  show  the  average  content  of  fiber,  usually  called 
c,"  is  about  5  per  cent.  In  the  pi;ocess  of  analysis  all  this  marc 
isolved  except  that  which  is  entered  above  as  crude  fiber,  namely, 
per  cent.  The  diSerence  between  this  and  the  5  per  cent,  average 
int  of  marc,  namely,  3.47  per  cent,  shows  the  quantity  of  carbohy- 
matter  not  sugar  contained  in  the  30.93  P^*^  cent,  of  total  sugars 
carbohydrates.  The  quantity  of  sugar  in  the  sample  analyzed  was, 
fore,  17.46  per  cent.  Practically  all,  however,  of  the  carbohy- 
s,  except  those  represented  by  the  crude  fiber,  are  digestible,  so 
the  soluble  marc  has  practically  the  same  food  value  as  the  sugar 
The  ratio  of  the  proteid  matter  to  the  digestible  carbohydrates 
fat  multiplied  by  3^  is  9.59.  This  ratio  shows  that  the  food  is 
:ularly  a  fattening  one,  and  could  be  used  to  great  advantage  in 
iring  fat  stock  for  market.  The  analysis  also  indicates  that  the 
to  secure  the  best  results  for  all  round  sustenance,  should  be  fed 
some  highly  nitrogenous  ration  in  order  to  secure  a  smaller  ratio 
sen  the  two  groups  of  nutrients.  It  maybe  said  with  perfect  con- 
ce  that  it  will  be  far  more  profitable  for  the  farmer  to  grow  sugar 
at  13  tons  per  acre  for  cattle  food  than  other  root  crops,  such  as 
ps  and  rutabagas,  which  will  yield  double  that  quantity  per  acre, 
[ood  value  of  these  crops  does  not  depend  upon  the  gross  tonnage, 
.pon  the  actual  nutrients  which  they  contain.  Sugar  beets  con- 
as  is  seen,  over  3o  per  cent,  of  their  weight  of  art\ial  nutrients, 
I  turnips  and  radishes  may  contain  only  from  6  to  iz  per  cent." 
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■  BEET  PULP  FOR  CATTLE  FOOD. 
From  beet  factories,  in  the  form  of  beet  pulp,  is  also 
n  this  country  no  carefully  controlled  feeding  exper- 
:onductcd  with  this  material,  but  the  question  has 
thoroughly  in  Europe,  and  the  data  obtained  can  be 
ice.  There  is  practically  no  difference  in  chemical 
;n  the  beet  pulps  obtained  in  Europe  and  in  thiscoun- 
luctions  to  be  drawn  from  the  feeding  experiments 
be  applied  with  perfect  safety  to  similar  work  here, 
tories  in  this  country  practical  f<::eding  tests  have 
1  favorable  residts." — (Wiley,  Special  Report  1897). 


OF  BEET  CROPS  UPON   THE  SOIL. 

stion  of  exhaustion  of  the  soil  has  not  as  yet   ap- 

the  Montana  farmer,  it  is  a  question,  the  seriousness 
later  must  be  met. 

n  California  showed  that  twenty  times  as  much  pot- 
much  phosphoric  acid  and  twice   as   much  nitrogen 

e  soil  by  a  beet   crop,    as  would  be  removed  by  a 

1  tops  be  fed  upon  the  farm  most    of  this  would  be 

neral  matter  is  removed  by  the  sugar. 

r  extraction  of  the  sugar  is  sold  by  the  factory  for  a 


UGAR  BEETS  AND  ALKALI. 

tits  the  chloride  of  sodium,  common  salt,  is  the  one, 
ich  in  the  soil,  most  seriously  affects  the  quality  o( 
adium  sulfate,  which  is  the  principal  constituent  of 
present  to  the  extent  of  nearly  two-tenths  per  cent. 
not  seem  to  injure  the  beet,  for  in  California  sugar 
tVo  percent,  of  sugar  and  having  a  purity  coeffi- 
ent.  were  grown  in  soil  containing  .1S2  per  cent,   of 

table,  however,  shows  that  excessive  amounts  of 
the  sugar  content  and  the  purity  : 


.?*-5 
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TABLE  No.   8. 
Sugar  beets  grown  on  Charles  Gardner's  ranche  near  Billings.     ^ 

Sodium  Sulfate  iu  1 6t  fuot  of  soil 0  06  per  cent. 

Sodium  Sulfate  in  2uil  fouLof  soil 0.»« 

Sodium  Sulfate  in  8rd  fool  of  soil 0  61 

Average  weigiu  of  beets  grown 26  ounces. 

Average  per  ciMit.  of  sugar  in  beets 9.34 

Average  per  cent,  of  purity 64  8         '* 

These  beets,  it  will  be  seen,  are  too  low  in  sugar  and  purity  to 
serve  for  manufacturing  purposes. 

Evidently  somewhere  between  .2  per  cent.,  or  perhaps  a  little  less, 
and  the  above  average  of  .55  per  cent,  for  the  three  feet  in  the  Gardner 
ranch,  must  lie  the  extreme  limit  of  sulfate  which  may  be  present  in  a 
soil  yielding  merchantable  sugar  beets,  and  it  is  probable  that  the  fig- 
ures are  not  far  from  the  lower  number. 

THE  RESULTS  OF  ANALYSIS. 
The  following  are  tables  showing  the  analysis  of  Montana  grown 
sugar  beets.  These  analyses  were  made  in  the  Chemical  laboratory  of 
the  Experiment  Station  and  give  all  the  information  necessary  for  an 
estimate  of  their  value  for  sugar  making.  A  discussion  following  the 
tables  explains  the  meaning  of  the  terms  used,  and  calls  attention  to 
some  of  the  principal  features  included  in  the  results. 

TABLE  No.  9.— TEST  OF  1895— STATION  FARM. 

Per  cent.  Siigar  in  Beet. 

Klein  Wanzleben 14.159 

Viimoriu's  Imperial 14.040 

TABLE  No.    10. 
EXPERIMENT  STATION  CROP  OF  1896. 

Per  cent.  Per  cent.  Per  cent. 

Lab.    Date  of      Average        Sugar  iu    Average  Sugar  in      Average       Sugar  in 
No.      Digging.     Weight.  Beet;).      Weight!.    Beets.  Weight.        Beets. 

257  Sept.  18  26  oz.  15  00  14  oz.  19.20  6  oz.  15.20 

258  Sept.  21  29  oz.  15  20  13  oz.  14.60  5  oz.  17.00 

259  Sept.  27  19  oz.  14.40  16  oz.  16  40  9  oz.  16.00 

260  Oct.      4  44  i»z.  17.00  29  oz.  15  20  15  oz.  lO.tfO 

261  Oct.    11  28  oz.  15.00  16  oz.  15  80  12  o/.  14.00 

262  Oct.    14  30  oz.  17  40  25  oz.  15.00  7  oz.  IH  60 
203  Oct.    23  24  oz.  18.00 

264  Oct.  24  23  oz.  15.00 

265  Oct.  20  12  oz.  16.00 

266  Oct.  27  33  oz.  17.00 

267  Oct.  28  18  oz.  16.00 

268  Oct.  29  18  oz.  16  40 
»>69  Oct  30  26  oz.  14  60 
270  Nov.  1  V  oz.  15.80 


'I 
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TABLE  No.   11. 
EXPERIMENT  STATION— VARIETY  TESTS— i! 


Vanetj. 

Average  Weiftbt 

Kleio  Waazlflben 

18  oz. 

KlelD  Wansteben 

16  oz. 

Knaaer's  Imperial 

92  oz. 

16  oz. 

Ka&uer's  Imperial 

BOnz. 

Knauer's  Imperial 

VltmoriD'H  Rlobent 

18  m. 

Znokereioher 

44  oz. 

Vilmoria'B  Bicbeat 

16  oz. 

TABLE  No.   12. 
CO-OPERATIVE  TESTS— SEASON  OF  1896. 


I 

fi 

'? 

I 

? 

0! 

Kame  of  Farmer 
and 

I| 

I 

i 

D 

Location  of  Farm 

:l 

:f 

1 

f 

I 

"^ 

C.  C.  WIllU.  HortB  Plalrm.. 

S3 

13  00 

M 

4.00 

14W 

7.40 

Oct, 

ii> 

Oliver  Bcow.Unnhatlan  ... 

T* 

040 

28 

t.tu 

a. 40 

i*i* 

rjii 

A   Trumni,  BpTlnr  Bill  ... 
SVIs.iii  Lundwull.  BuEemnn 

3f> 

13.00 

3.40 

4.00 

ism 

is 

4 

tM 

SW.G.  I..  Uordon.  Willow  Creek 

13  00 

•a 

30O 

J.O'i 

Ool, 

ini    C,  1.   Tlldon,  Park  City 

in  m 

S.flO 

14 

T  00 

Oct 

^ij  1  Tuylur  Tranl.  BuxemaD 

S8 

14,00 

36 

4.00 

14 

4M 

tf 

13  40 

38 

5.20 

IK 

4.40 

oot: 

ii-i    H.  1-  81«tor.  Central  Park 

W 

33 

Oct. 

M:s  ■  s.kin  Bull,  Ceotral  Fark 

7'.  00 

IHIt 

2U 

W.  F.  Bose.  Dune&n 

13 

400 

400 

U   e.  Monroe,  Bprlng  Hill.. 

xSV 

s'do 

J<7 

A.  L.'Uirbly,  Bprlns  HliJ!!! 

38 

a 

It. 00 

Not 

24rt 

■  1.00 

30 

I  30 

1100 

Not 

l!?l!£S5:Hvi.i,'i 

1 

8 

N01 

Qiyi.  W    HprlnR.  Bi>«inian. . 

ifl.eo 

31 

5.00 

li" 

ijiso 

Not 

MuTiliBliKTi  Halt.  Co  Manhn 

Iv) 

B.  M,  [)i»tM.  BoienuB  

930 

3*ao 

io!66 

Mot 

m 

HHtil.atWn  Malt.  L>1  Uunhn 

is:.w 

«.40 

!.1S 

4.00 

10.00 

18.S3 

Nov 

*  These  aaroploa  w<re  oo 


ID  red  beeli,  atid  not  lOKar  beeti. 


Bulletin  19.     THE  SUGAR  BEET  IN  MONTANA. 


L«b,  No. 

3S4— 0.  0.  WllliB,  Horse  PlaiuB.  Miasonla  OoDoty.  Seed  aovra  Ke,j  11,  1896; 
appeared  above  gronnd  eleven  Aaja  after  sowing,  soil  saady,  not  inaunred. 
irrigated  last  of  Jane  ;  irriKated  once  ;  carrots  and  oabbage  grown  on  land 
previoos  year ,-  plowed  6  inches  deep ;  thinned  Jnne  30th  ;  onltivated  twice : 
boetl  ouce ;  dug  Sept.  80tb,  1896 ;  yield  nniall  beets  234  lbs.  ;  uiedinm  beets 
SS9  lbs.  ;  large  beets  14S  lbs.  ;  total  7T2  lbs .'  tbia  yield  from  3  rows  S33  feet 
long. 

235— Oliver  Soow,  Manhattan,  Gallatin  Oonnty.  Seed  howu  May  13,  ]&Se ; 
plants  appeared  abors  groand  13  days  after  sowiutt ;  soil  sandy  loam,  8  to 
13  inobes  to  gravel :  irrigated  twice,  Jane  litt  and  Angnst  lat  ;  nsed  farrow 
Bystem  of  irrigating .  part  got  flooded  and  did  not  do  well ;  land  uot  need  in 
189G  ;  depth  of  plowing  B  to  8  inohes ;  thinned  Jnoe  34th,  1890  ;  not  calti- 
vated  ;  hoed  once,  Jnly  lOtta,  1896 ;  given  fair  oaltore  ;  weeded  twice ;  could 
■     ■    ■  •         ■      ■■  1;  dug  Oct.     Eth.  189G;  yield, 

17   heaping  &  gallouti  ooal  oil 

230— A,  Tramau,  Spring  Hill,  Gallatin  County.  Seed  sown  May,  1896;  did 
not  remember  nnmber  of  days  before  plants  appeared  above  gronnd  ;  soil 
black  with  bat  little  sand  in  it ;  two  feet  to  sab-Hoil  of  olay  ;  irrigated 
three  times ;  used  sprinkler  system  of  irrigation  ;  cabbage  grown  on  same 
land  previous  year ;  depth  of  plowing  8  inches ;  cultivated  three  times  hood 
three  times  ;  have  given  fairly  good  culture  :  dng  Out.  9th,  189S  i  yield  30D 
Iba.  on  806  square  feet. 

337— Nelson  Lnndwall.  Bozeman,  Gallatin  Oonnty.  Seed  sown  May  19th, 
1896  ;  plants  appeared  above  ground  ten  days  aft«r  sowing  ;  soil  brown  olay 
loam  about  5  feet  deep,  nuderlaid  by  gravel :  irrigated  twice  used  f  nrrow 
system  of  irrigating;  potatoes  grew  on  same  land  previous  year;  depth  of 
plowiug  8  iuches ;  thinned  on  June  32nd ;  oultivated  three  times  with 
wheel  lioe,  on  June  dtb,  June  33d  and  .Tnly  6th ;  gave  beets  fairly  good  col- 
tnre  by  machine  ;  total  cost  of  production  per  square  rod  about  3D  cents ; 
dng  Oct.  6(h,  1896  ;  yield  203^  lbs.  per  square  rod. 

3S8— Geo.  L  Gordon,  Willow  Oreek.  Gallatin  Oonnty.  Seed  sown  May  ISth, 
1896  ;  soil  bench  land  ;  sandy  loam  ;  plants  appeared  above  ground  12  days 
after  sowing ;  irrigated  twice,  ,7uue  and  July ;  nsed  farrow  system  of  irri- 
gating ;  potatoes  grown  on  same  land  previous  year  ;  depth  of  plowing  9 
inobes ;  thinned  June  I5tb,  1896  ;  did  not  onltivate  ;  hoed  twice  ;  dates  of 
same  about  June  ISth  and  July  16th  ;  gave  fairly  good  aaltore  ;  expense  of 
production  per  sqnare  rod  75  cents  ;  dug  Oot.  7th,  189G ;  yield  S04  lbs.  per 
square  rod. 

239—0.  L.  Tilden.  Park  Oity,  Yellowstone   Oonnty.     Seed  sown  May  II,  1896 ; 

Jilants  appeared  above  ground  14  days  after  sowing;  soil  sandy,  about  two 
eet  in  depth ;  irrigated  three  times  hy  Hooding  system ;  oats  grew  on  aanie 
land  previons  year ;  depth  of  plowiug  8  inches  ;  thinned  Jnne  16tb,  1896 ; 
not  cnltivated ;  hoed  three  times,  dates  of  same  .Tune  3d  and  July  3nd  and 
28tb  ;  gave  beets  oarefn.1  and  thoroagh  culture  ;  total  cent  of  production  per 
square  rod  3G  cents  ;  dng  Oct.  5tb,  1896  ;  yield  000  lbs.  per  square  rod. 
340— Taylor  Trent,  Bozeman,  Gallatin  County.  Seed  sown  May  ISth.  1896  ; 
plants  appeared  above  ground  13  days  after  sowing;  soil  sandy  loam  three 
feet  deep  ;  irrigated  twica  by  furrow  system  ;  oats  were  grown  on  same 
land  previoos  year  ;  depth  of  plowiug  13  inobes  ;  thinned  July  1st ;  culti- 
vated three  times;  hoed  twice;  dates  of  hoeing  June  15th  and  80th;  gave 
beets  narefnl  and  tborongh  cultivation  ;  cost  of  prodnotion  per  square  rod  10 
cents;  dog  Oot.  13th,  1890;  yield  60  lbs.  per  aqnare  rod. 


(NTANA  EXPERIMENT  STATION. 


Ue7cr<ibnrft.  Pnrk  Cuniity.  Srcd  sown  May  Wth.  18i}fi; 
ive  ftronod  12  (Inys  afier  sowiiiR;  soil  lilack  3'.j  fpot 
«  by  furrow  Ryrteni ;  cnlibniin  (srow  ou  bhiuc  laud  prp- 
■>1  vlnviug  fl  im^liPH  :  thinnrd  Jniip  Sitth.  lUSr, ;  onltivnt- 
CDlliTatnr;  gave  beet «  rxrurul  ii ml  tlioronKh  caltnre;  doft 

itral  Pnrk.Ga:ii)tiD  Comity.  Sped  howu  .Iniie  llth.lSiW; 
>ve  Krngud  8  days  after  tuiwiii):  ;  wiil  Miidy  ;  irriKafed 
Hteiu  :  tK«CA  gtcvt  nu   saiiio    land  previnas  year  ;  dt-pth  of 

;  did  nm  thill  beets  ;  cultivaied  HvicP  ;  lioed  ntice  Jnly 
;ive  lieetH  tbornagh  and  <-arefnl    nultnro  :  Aaa  Out.   I'ith. 

per  square  rod 
al  Park.  Gallatin  GontitT.     Send    smvn     May,   189(1  ;H(iil 
»  deep ;  irrigated  twice  hy  furrow  HTRtem  :  oats  nrf w  on 

year ;  depth  of  ploniuK  (i  iiiulios ;  tliiuiii'd  July  M,  I8'.hi ; 
>ed  twice :  did  Dot  (ti^e  linetR  nnrpFnl  inilttire ;  duK  Uut. 
K  lbs.  from  seed  reueived  from  Statiou. 
lu.Qallatiu  Cuaiity.  Seed  kowo  Jniie  4tli.  18i)it ;  25  days 
I  appaared  above  uronnd;  paTMiipa  ht»\v  uu  same  laud 
ved  three  inches  dtiep  ;  cnltivalOil  oiiue  ;  hoed  twice  ; 
T  14tb.  ISDO;  dafc  Oct.  20tb. 
OTiiK  Hill.  Gallatiu  Cooiity.     Sci-a  "own  May  28d.  Ififll ; 

13  itiohe^  deep;  irriRiited  th'fe  tiiues  by  furrow  cystem  ; 
c  laud  pTerloaH  year  i depth  of  pIowinKH  inches;  thinned 
wice  ;  lined  twice,  .liiuc  24tli  aiid  July  IGrh  ;  gave  beet« 
ig  Oct.  JOih.  1890. 

aiu,  Gallatin  Oouuty.  Send  rowu  May  Kth.l8t>ii;  plaats 
und  II  daye  after  Hovviiitt ;  soil  black  Raiidv  ;  irrigated 
Rtem;  depth  o(  plowtug  10  inebcs;  thinner]  ;  bagu  des- 
9t8  the  third  day  ;  cnltivuted  iwiue  ;  hoed  foar  nr  five 
10  June  IS  aud  30,  Anitust  3d;  Rave  beets  carefal  cnl- 
ctioii  per  sqnare  rod  80  leiitN  ;  dn;;  Oi^t.  I-^th.  IStKi ;  yield 
'od  ;  RMinples  saut  iu  were  common  red  beets. 
iuK  Hilll,  Gallatin  Onnnty.  Seed  sown  Jane  fitb.  IEf)6  ; 
)Te  Rnitind  eittht  days  aftt<r  sowiud  ;  soil  loam  with  clay 
ubeii  deep;  trri){ated  once,  July  l^th.  I89B,  by  fnrrow 
rew  an    name    laud    previous    y(.i;ir  ;  dept'i  of  plowitill  8 

.luly  2ud ;  coltivated  twice;  hood  onne,  .Inly  2jid;|EaTC 
;  cost  of  prodnction  per  winaro  rod  IH.^a  eenta ;  doR 
■10  IbH.per  Hqnare  rod. 

seiunn.  Gallatiu  Cimuty.  Scod  wiwi;  June  2nd.  IBflfi ; 
)ve  groaiid  12  days  after  sowiiiK  ;  soil  loam,  very  deep  : 
ibbafie  ti^ew  ou  same  land  previons  vour;  d"pth  of  plow- 
ued  .Tnlv  lOth  ;  cnlliviitcd   nnet' ;    hoed  once.  July  10th  i 

;  yield  400  lbs.  ou  lsil>.  rodit. 

LiiKaji.  Gallatiu  (3onulv,  Seed  sown  May  33.  lK!)6:soil 
«d  three  timcH.    last  of  JnniMiiid  twice  in    Jnly;calti- 

of  plowiuff  10  inches. 

g  Oo.,  Mouliattaii.  Gallatin  Count.?.  Seed  sown  Mi\.t 
ippcared  above  (tronnd  II  days  after  nowiri;;  soil  i-lav  ; 
lie  aud  Jnlv  ;  niiinglos  erew  on  Manic-  land  pri^i-ionH  year  ; 

to  II  iiiohcn;  thinned  .Inne  ruh.  IWKi:  caUivated  twii'v  ; 
lid  .Inly  ;  dnir  Oct.  20th,  IH'Jd  ;  yb'ld  on  5(i00  squan-  f-et 
<ius  per  acre. 
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351 — Goo.  W.  Spriiiff,  Boaeiuaii.Gallatiu  Ooniity.  S« 
appeared  iibuve  groaiiii  3  to  9  weets  after  Bowiut 
olay  sub-scil ;  irriKated  twice  b;  tnrrnw  R7Ht«iti 
previoDH  yeiir ;  depth  <if  plowing  7  to  8  inches ;  di 
ed  once  ;  liood  onco,  laxt  week  in  Jnue ;  gave  fai 

'i!i2~B.  M.  Dawes,  Boisemuu,  Gitllntiu  Ooouty.  Seed 
peared  above  i^ruaiid  10  days  after  BOwniR  IBoilb^ 
did  not  irrigate  uabbiiKe  j^rew  on  same  land  ii 
iuuJieH,thiuued  .Inly  Btb, cultivated  uuue.  hoed  01 
uost  of  pri]dDuii(iu  1)0  ueuu  per  Kqnare  rod ;  dag 

253—0.  W.  Kuyiioldfi.  Bozemau,  GiUlutiu  Conuty. 
plauts  appeared  uboTO  Kfooud  10  days  after  Howii 
ftnted  twice  ;  uaiibaKe  Krew  ou  same  land  previ 
ine  I)  iDubeH;  date  of    thinning  Jane  26,  bi>ed  t' 

■254— J.  M.  RobiUBOQ,  Bozemnu,  Gallatin  County 
pUuts  appeared  above  groaud  15  dayK  after  bowi 
Rated  tbrte  liineH-Jiily  8th,  aoth  and  Ang.  lOtI 
previous  year  ;  plowod  8  inuhus  deep  ;  thinned  M 
times ;  biiod  ouue.  May  ;jutb  ;  dug  Uec.  10th  ;  yic 

TABLE  No.   13. 
EXPERIMENT  STATION  CROP  OF 
KLEINWANZLEBEN 


No.  DeacriplLUD. 

400  )>ii)j  AiigUhL  18lh,  18<IT.  5      07. 

tin  UiiK  AiiRU-t  aoth.  IhSIT,  7  6  o/..  ai  0 

4li-i  D.igSejji.ad.  ISHr,  74  0/ 

4tlll  DiiK  Aii^usL  2lsl.  18117.  7  2  w..  2.1.0 

404  U'lg  Si:|>l.  Olh.  WVI.  11.0  <>!:,  IIIU 

40."i  Uii|?Si'lJl..  Ulh,  18!I7,  8  0  o/.  111.7 

4GII  DiigSepi.  ISilt,  181)7,  11.0  «/..  111.11 

407  J)iigSu()[.  17lh,  13',j7,  1G.8  117..  VJ  S 

4IW  DiKSupi.aist,  IMliT,  17.     >.7.-  218 

4liU  Uiig  Sept,  a4th.  181)7.  14,     ox.  Bl  8 

470  Dug  Supl  30lh.  181)7.  13      oz.  82. 

471  UiiK  t)ei.  3.1,  18U7.  10  8  oa.  23  3 

473  DiigUi-t.  fiih,  18!i7.  18.  ok.  aa.2 
418  DiiK  Oct.  13ih.  18)17,  31.    m.  20  8 

474  DiigOpi.  15lh,  18n7.  28.  ox.  21. 
4Tri  Ui>)(Oct.  15th.  1SII7.  20.  oz.  lfl.3 
4T(1  Ung  Oct.  15th,  181)7,  20.     07..  18  8 

477  DugDee   illh,18il7.  10.     07..  18.8 

478  Dug  Do:-.  ',tth,  1«UT.  H      n/..  18.0 

EXPERIMENT  STATION  TESTS— 
DATA,  1897. 
Sowed  May  i8tli.  June  22d  cultivated  wil 
to  6th  ciiltivateJ  with  beet  wecd^^r.  July  1 
July  20th  ciiltivatcJ.  July  29th  weeded.  Irrij 
vatcd  August  iitli.  Irrigated  Aug.  26th.  CdIi 
27,280  pounds. 
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T*Tsl«2To 

07. 

PfeToent  Snnr  P 

No.             DeaerlptloD. 

At.  Wght. 

Dof.  BtIi. 

InJnloe.    «l 

ManhattsD  Malting  Co., 

25  OZ 

1B.80 

14.00 

Nelson  LuQdwall 

2100 

1780 

Victor  E.  CliDB 

18  oz 

18,70 

16.00 

Oliver  Scow 

2S0Z 

17.60 

14.00 

W.  A.  Caldwell 

81  OZ 

1540 

10.00 

C.  £.  ColemsD 

44  oz 

15.40 

1080 

W.  H.  D«yi£in 

33  oz 

10.80 

15.30 

W.  SpurgiD  &  Son 

36  oz 

16.70 

11.60 

U.  T.  Grouan 

41  oz 

15.70 

11.60 

McNken  Bros, 

8a  oz 

17.40 

11,40 

R.  C.  and  J.  T.  Smith 

4.'i  oz 

16,70 

13,00 

J.  S.  Fostor 

14.80 

10,00 

Geo.  J.  Allen 

18  0!! 

20.40 

15.00 

J.  Briscoe 

40  OK 

18.70 

14.00 

G.  L.  Gordon 

26  oz 

18.10 

14.00 

John  Mlichell 

82  01! 

17.1)0 

1340 

Calvin  Piiley 

43  OZ 

16W) 

18.80 

Geo.  Girder 

83  oz 

17.70 

14,00 

H.  H.SappiDKton 
Manbattaa  Mailing  Co. 

27  oz 

16.40 

10,60 

30  oz 

18.70 

14,00 

D.  Mayoard 
W.T.Bo«e 

7oz 

18  90 

14,60 

6oz 

17  50 

14,00 

H.  Slaier 

30  oz 

19.70 

1600 

D.  Cameron 

4Soz 

15  80 

10.80 

Chas.  B.  Anderson 

8oz 

17.30 

13.80 

F.  T.  Morrison 

37.    oz 

IS. 00 

14.40 

H.  W.  Nelson 

17.    oz 

17.70 

14.40 

J.  Vestal 

83.    oz 

1590 

10.70 

J.  H.  Fisk 

28.    oz 

18,70 

13,60 

E.  D.  Ferguson 

8.    oz 

22  00 

1510 

Nelson  Lundwall 

10.5  oz 

30  00 

16,00 

B.  M.  Dawes 

81.    oz 

30.00 

14.60 

B.  M.  Dawes 

18.    oz 

10  00 

16  40 

B.  H.  Dawes 

5.    oz 

19.80 

16,8(1 

£.  Hodgman 

n.6  oz 

31.50 

17.60 

Alex  Budke 

10.4  oz 

33.00 

13,40 

Geo.  A,  Bruffy 

9.6  oz 

17.40 

18,40 

C.  A.  Hemenway 

34.    oz 

16.70 

1280 

J.  W.  Brewer 

33  4  oz 

31,00 

1680 

H.  S.  Bartlett 

8.4  oz 

10.80 

16,80 

J. H.  Foy 

37.    oz 

18.60 

16.00 

Obas.  N.  Brown 

16.    oz 

18.80 

11.50 

Jas.  A.  Billings 

10.8  oz 

18.00 

13.30 

G.  R.  Smith 

54.    oz 

17.10 

11.90 

W.  Jnquette 
Robt.  C.  Palmer 

8fl.    oz 

18,10 

14.00 

34.    oz. 

17  70 

13.90 

Theo.  Konig 

4r..e  oz 

18.80 

14,10 

C.  K.  Pettit 

83.    oz 

10.80 

15.20 

C.  U.  Ingalls 

24.    oz 

18.90 

15.80 

J.  K.  Eayres 

20.    oz 

19.20 

16.10 

A.  Truman 

Ifl.    oz 

18.30 

18.80 

A.  A.  SpRulding 

27,    oz 

30.00 

17.10 

E.  H.  Thompson 

21.     oz 

17.00 

18  10 

R.  A.  Baxter 

7.    oz 

19.00 

13,70 

J.  A.  Moore 

8.     o/ 

17.50 

14.00 

W.  B,  Blackwood 

16.     nz 

10.00 

15.80 

L.  B.  Wisner 

20.10 

16.60 

Manhattan  Malting  Co. 

33.    oz 

19.70 

16.60 

.•I* 
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TABLE  No.   15 

9 

1 

AVERAGES  FOR 

1897. 

Average 

Degrees 

Percent  Sugar 

Purity 

l^ocality. 

Weigbt. 

Brix. 

in  Juice. 

Coefficient. 

Montana  Exp.  Station, 

14.8   oz. 

20.0 

17.1 

81.9 

(Gallatin  Valley, 

28.4    oz. 

18.8 

14.4 

76.4 

Livingston, 

24.7    oz. 

19.8 

14.5 

74.8 

Kalispell. 

82  0    oz. 

18.6 

14.1 

76.2 

Missoula, 

82.0    oz. 

17.0 

12.6 

73.6 

CULTURE  NOTES  OF  CO-OPERATIVE  TESTS,   1897. 

Lab.  No. 

430— Manhattan  Malting  Oo. ,  Manhattan.  Mont.  Planted  May  12.  1897;  thinned 
Jane  27,1897  ;  harvested  Sept.  21,  1897;  soil  clay,  in  cultivation  for  five 
years  chiefly  in  potatoes ;  last  crop  potatoes  ;*  no  fertilizer  used.  Plowed 
Sept.  1896,  eight  inches  deep  ;  seed  planted  by  hand ;  hoed  by  hand  Jane 
1st,  10th,  20th,  Jnly  1st  aud  15th.  Length  of  rows  harvested  75  feet ;  width 
between  rows  16  inches ;  number  of  beets  harvested  24,893  per  acre ;  total 
weight  of  beers  harvested  less  neck  aud  tops  123  lbs.,  or  68.580  lbs.  per 
acre,  or  26  4-5  tons.  Weather  for  each  month.  May  1-}^  inches  rain,  June  . 
2^  inches  rain.  July  }4  ^^^^  rain,  August  ^  inch  rain.  Sept.  1st  up  to 
Sept.  21st  1  inch  rain. 

481— Nelson  Luudwall,  Bozeman,  Mont.  Sowed  May  20th  ;  light  colored  soil 
sandy  sediment  about  2  inches  deep ;  length  of  rows  16*^  feet ;  width  be- 
tween rows  21  inches ;  irrigated  three  times  ;  July  13,  July  81  and  August 
16,  by  furrow  system.  Produced  208^3  lbs.  per  square  roid  ;  oats  grew  on 
same  land  in  1896 ;  depth  of  plowing  6  inches ;  plants  showed  above  gronnd 
May  29 ;  thinned  June  17  ;  cultivated  with  Planet  Jr.  wheel  hoe  twice. 
June  11  and  Jnly  8 ;  given  good  field  culture. 

438— Oliver  Scow.  Manhattan,  Mont.  Sowed  May  6 ;  soil  sandy  loam  18  inches 
deep  ;  rows  l50  feet  long  ;  width  between  rows  2  feet ;  irrigated  twice,  July 
17  and  August  12  by  furrow  system  ;  dug  Oct.  11th  ;  yield  425  lbs.  in  two 
rows ;  wheat  srrew  on  same  land  in  1896 ;  depth  of  plowing  8  inches ;  plants 
showed  above  ground  May  15tli ;  thinned  June  lOtb  ;  cultivated  with  hoe  and 
weeded  when  thinning  June  lOth ;  cultivated  July  10th  and  August  14th. 

484— W.  A.  Caldwell,  Bozeman,  Mont.  Sowed  May  10th ;  soil  black  loam  18 
inches  deep  with  clay  sub-soil ;  rows  five  rods  long ;  width  between  rows  8 
feet ;  did  not  irrigate ;  dug  Oct.  12th  ;  turnips  grew  on  same  land  in  1896  ; 
depth  of  plowing  7  inches ;  plants  showed  above  ground  May  25 ;  thinned 
about  middle  of  July ;  cultivated  by  hoeing  and  plowing ;  cultivated  last  of 
July ;  the  beets  were  plowed  once  and  hoed  once. 

435— G.  £.  Ooleman,  Missoula.  Mont.  Sowed  May  17th,  1897 ;  soil  sandy 
loam,  depth  id  inches;  length  of  rows  100  feet;  width  between  rows  18 
inches ;  irrigated  three  times,  June  6,  13  and  July  25th ;  used  furrow 
system  ;  dug  Sept.  28th  ;  turnips  grew  on  same  land  in  1896 ;  depth  of  plow- 
ing 10  inches ;  plants  showed  above  ground  first  on  June  1st ;  thinned  June 
22d ;  cultivated  by  hand  Planet  Jr.  cultivator  June  7,  15  and  July  27th  ; 
gave  careful  and  thorough  culture. 

436— W.  H.  Daykin,  Missoula,  Mont.  Sowed  Mav  8th,  soil  brown  loam  more 
than  three  feet  deep,  length  of  rows  200  feet;  width  between  rosvs  16 
inches,  did  not  irrigate,  dug  Oct.  1st,  yield  727  lbs.  per  square  rod,'  carrots 
grow  on  same  iDud  in  1896,  depth  of  plowing  8  inches,  plants  showed  above 
ground  on  May  16th,  thinned  July  Ist,  hand  cultivator  used  and  cultivated 
twice,  July  10  and  August  1st,  gave  careful  and  thorough  culture,  cost  to 
produce   per  square   rod  about  50  cents. 
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;iii  &  Soil,  MioRUDlu,  Moiit.  Sovi-d  Huj  lu,  ISUT,  soil  black 
a  abiiai  'M  iiinbt^s  <1[:i-]i.  li'iigth  of  rnwH  uiie  rod,  width  betwettu 
t,  did  nol;  irriiiutp.dn);  (icptfiubcr  1;  outs  (;rcff  on  same  laud  in 
)  of  pliiwiiiK  H  uu:ln:n.  pliiiitH  .-iliiiwiil  iibovp  fCTODiid  2S  dajs  after 
liiiiied  Juiii.'  liOch.  cnliiTiiti'd  witb  cultivator  aud  hoe  every  tno 
a  datv  of  thiuuiiiK.Kf  n  ciiroful  nud  thiinmKb  en  It  an.',  c;otit  of  pro- 
r  Hqaam  rod  ^10  c^ut.s. 

BroK. ,  Liviiifcstoii,  Mout.  Sowed  May  191b,  soil  thick  bottom 
■I  feat  deep,  'j>i  left  butwei'u  rows,  did  uuC  im((ate,  there  is  a 
ipiide  i>t  bciitx ;  daK  Oct.  ti,  Inud  wan  inaiiareit  id  m06  aud  satii- 
cd,  dopth  uf  pli>tviu[;  H  iiii;lii.iH,  pluufn  iipiicared  above  frruaud 
hiuued  Jnue  USiid.oaltivatcd  twii-<-  with  t'laiiet  Jr.  ooltiTBtor 
aiif  2lht  and  Jaly  Dili, 

I.  T,  Smith,  Livi]i)n4t.i>ii.  Muut,  Soil  black  lonni,  creek  bottom, 
jowu.  leiiffth  of  rowK  l6u  yunLs,  width  betweou  rows  two  feet, 
wicd— Jaly  i  aud  July  20  liy  ftiiriiw  syateni,  dug  Oct.  5,  cab- 
oii  Kame  land  in  18IMi,  depth  of  pbiwiiif;  T  iuuhcH,  plants  Hhowed 
nd  Jane  5tli,  were  iiot  thiuucil,  |;li)uted  Ihiu,  cultivated  ouce 
Jnly  13,  gave  fair  unltivatiim  ;  jtroand  wa.s  iu  (^ood  ooDdition, 
ductiou  H  t<i  7  cents  per  Ki|nr.re  rod 

er.  Willow  Creek.  Mout.  Suweil  May  I.iC,  Roil  alknli  about  2 
teu(;th  i)f  rows  13.)  fevt,  width  botweeo  rowB  3  feel,  irrigated 
ly  4tb  by  farrow  xjKtem.  dnt;  Oct.  Jid, depth  of  plowiiig  8  inches, 
vpd  above  ground  May  ;iOin.  riiiiined  .laue  15tb,  f^ve  oarefnl 
«t  of  productiou  per  hqaare  rod  HO  ceutit. 

Mleu,  Liviiiffstoii,  Mout,  Sowed  May  Ist,  soil  limestone,  length 
ods,  width  between  rows  2  feyf,  irrigated  3  limes — May  81at, 
tud  Aag.  2,  by  fnrruw  Bystem,  dn^'  Sept.  -iHth,  depth  of  plowing 
lantK  showed  above  ^ronud  Muy  iil.'^t,  thinnod  Jnly  H,  cultivated 
and  hoe,  gave  cnrefnl  cnlttire, 

^  Liviugstou,  Mont.  Sowerl  May  15th.  hviI  saudy  loam  10  feet 
:h  nf  rows  JtiO  feet,  width  between  rows  2  feet,  irrifcated  ouee  oii 
>y  farrow  tiystom,  dan  ^^^'  ^th,  cubMge  grew  ou  same  land  in 
I  of  plowing  10  iuiihe.s,  huad  twice,  gave  beots  caretnl  cnltnre. 
■dou,  Willow  Creeb,  Mout.  Sowed  liist  of  April,  soil  sandy  loam 
,  bench  land,  length  of  rows  201  feec,  width  between  rows  l(i 
not  irrigate,  dng  Sept.  3>^th,  yielcl  per  scjnaTe  rod  580  lbs., sugar 
on  same  land  iu  18U>>,  depth  of  plowing  H  inches,  plants  lihow- 
grouud  on  May  loth,  thinned  last  of  ilnue,  character  of 
Planet  Jr.,  cnltivate  .  twice  in  Jane  aud  -Inly,  gave  beets  fair- 
ture,  cost  of  prodaution  per  siioiire  rod  iiO  unnts. 
xley,  Missonla,  Mont.  Si>wed  May  1st,  soil  sandy  14  inches  to 
gth  of  rows  18  nKLs,  width  bt'tween  rows  22  iuohea,  irrigated 
ue  10th  by  furrow  Rystora,dog  Sept.  30th,  1897,  carrots  grew  on 
in  IS'Jfi,  depth  iit  plowing  8  iiiuhes,  ten  diiys  before  plants  show- 
round,  yield  fl'K)  lbs.  per  nquare  red.  date  of  thinning  May  24, 
ul  aud  tbiirongb  caltnri*  wicli  garden  hand  plow, 
cr.  Willow  Cretik,  Mout,  Sowed  May  ?, 
irrow  R.vatera.dug  Oct.  IOth,potJitiK's  grei 
owing  <1  inches,  gave  scurecly  any  oultiv 
rd,  Bozenian,  Mont.  Snwed  May  15th,  soil  deep  black  Inam. 
iws  I'J  inches,  irrigiited  from  wyll,  dag  Oot.  4lh,  depth  of  plow- 
e^t.  plautK  came  up    in    iibont  T  duyH,  hoed    between  rows,  gave 
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431— W.  T.  Boso,  Dancan.Mout.  Sowed  May  15Cb,  soil  black, 
aud  clay,  irrigutttd  once,  furrow  system,  dntt  Oct.  19th 
with  hoe,  length  of  row  !tOO  feet,  potiitni^B  grew  ou  same 

452— H.  SlaUir,  Oeotral  Park.  Mont.  Bowed  May  4th, soil  sand] 
on  Jnae  llth  and  Jaly  8th  by  fnrrow  liyBtem.  duftOct.  IStb. 
square  rod.  peas  grow  ou  same  laud  iu  189(1.  depth  of  [ 
uniuber  of  days  before  plauts  oniiie  up  14,  date  uf  thiouii 
coltivated,  hoed  uur«,  June   51b. 

438— .1.  H.  Fiak,  Towueeud.  Mont.  Sowed  Uay  ITth.  soaked  1 
river  bottom.  Haod  and  clay  Inatn,  length  of  rows  114  (eo 
rows  21  luchoB,  irrigated  same  day  as  planted  and  ul80  Ji 
14tb,  by  ftirrow  syatniu,  dng  0<!t.  2ftth,  yipld  41K)  lbs.  troi 
hing,  beets  grew  ou  same  land  iu  l^ffii ;  depth  ot  pluwiu^ 
appeared  above  gronud  May  22d,  date  of  tiiiuniug  Juue 
groDud  with  hoe  four  timen.  gave  good  coltnre. 

4Su— B.  M  Dawes.  Ceiitral  Park,  Muut  Sowed  May  IR.  so 
feet  deep,  leugth  of  rows  l'?  rods,  widtn  betweeu  rows  i 
irrigate,  dng  Nov.  ist,  yif Id  per  'Hqnare  rod  401)  lbs. ,  so; 
same  laud  in  ISHQ,  depth  of  plowiu^  T  inelies,  plants  sbov 
May  SDth.  tbiuaed  Jnly  '2ud,  lio»d  twi<.«  Jtine  1st  and  2: 
onltnre,  cost  35  cents  p^r  square  rod. 

483— R  Htidgman,  JJozeuiau.  Mont.  Suwed  Juue  1st,  suil  nn 
1,'s  feet  deep,  length  of  rows  40  foct,  width  betweeu  row 
gated  twice  July  23  and  Aug.  10  by  furrow  system,  dug 
grew  ou  same  laud  in  ISWi,  duptb  nf  plowing  12  iuch< 
above  ground  .Tune  15th,  tbiuucd  .Tnly  -J2.  hot'd  oud  pullet 
cultivated  July  21  and  Aug.  U,  gave  careful  cnlture. 

484— Alex  Bndke,  Liviugstou,  Mnnt.  Stiwert  May  15th,  soil  n 
alkali,  length  ot  rows  li,  rods,  widtli  betweeu  rowH  21  i 
three  times— July  ad.  ;!ofb  and  An^.  14th  by  fnrrow  systt 
yield  tjer  square  rod  14U  IbK.,  laud  was  snmuer  fallowed,  ' 
(i  to  8  inches,  phints  Khowed  atinve  griiuud  Jnnft4th,tb 
cultivated  by  boning  .Inne  2H  aud  .Tuly  II,  «avo  uureful  vu 

486— O.A.  Hemeuway,  Clyde  Park,  Mont.  Suwed  May  32, 
sandy  3  feet  deep,  length  of  rows  40  feet,  width  betweeu 
gated  twica  July  IBth  and  August  3ud  by  fnrrow  system, 
crop  on  same  laud  in  1896,  depth  of  plowiu)^  10  luebes,  1 
showed  above  ground  June  12ih,  i^llivatud  with  a  hoe, 
did  not  give  careful  cultivation. 

487 — r.  N.  Brewer,  Liviugsti-u.  Mont.  Sowed  May  381b,  toil 
15  inches  deep,  tejigth  of  town  !1u  feet,  width  betwncu  row 
once  July  16th  by  furrow  nyslein,  du;j-  <)et.  Titb,  yield  \r 
lbs.,  potatoes  grew  on  siinie  limd  in  I8!lfi,  depth  of  pi 
plants  ehowFd  above  uround  Jnue  lOtii, thinned  .lulv  15th, 
astb  and  July  29th,  did  not  give  careful  culture. 

488-H.  S.  Bartlett,  Livingston.  Muul.  Howed  May  5th.  soil 
V.]'  sand,  length  ot  rows  45  teet,  width  between  rows  24 
four  times— Aug.  12.  18.  Mfi  iind  31st  by  furrow  system,  du 
75  lbs.  in  all,  gnvss  grew  on  same  laud  Inst  rear  or  1S!)6.  ' 
6  inches,  plautK  showed  above  ground  May  2ild,  thinned  J 

489- B.  K.  Gregg,  Kalispell.  Moiit.  Sowtd  May  lOth,  soil  gr 
18  inches  deep,  length  of  rows  12  feet,  width  between  rov 
irrigate,  dag  Oct.  4th,garden  iu  IWfi,  depth  of  plowing  8 
June  1st,  hoed  once  Juue  1st,  did  not  give  careful  culture. 
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did  Dot  iiriftate.  diu;  Oct.  3d,  oats  firew  on  same  laud  in  ISM.plaats  ahow- 
«d  above  KTonod  JdIv  Iflt,  tliiaoed  JqI;  lOtli,  cbaraoter  of  cnltivation  hoed 
and  polled  weeds,  did  not  give  oarefnl  caltnre. 

493— Jas.  A.  Billinftfl,  Holt,  Hont.  Sowed  Hay  4th,  soil  black  sandy  loam, 
length  of  rows  10  rodi,  width  between  town  3  feet,  did  rot  irTigat«,  dOR 
Oct.  9tb,  vield  per  sqaare  rod  400  lbs.,  poratoes  and  tnraipB  grew  on  same 
laud  In  IS96,  depth  of  plowing  6  iuches,  plants  showed  above  gronnd  June 
lOtb,  tbitmed  Jaly  15th,  hoed  and  plowed  fonr  tlmen,  gave  oarefnl  and 
thorongh  caltnre  bnt  it  was  so  dry  that  tbcy  did  not  have  a  fair  ohnnce, 
cost  10  oenta  per  square  rod. 

403— O.  R.  Smith,  Kalisoell,  Hont.  Sowed  Haj  IGth,  soil  dark  sandv  loam, 
length  of  rows  about  25  feet,  width  between  rows  3  feet,  did  not  irrigate. 
dag  Oct.  5th,  garden  BtnS  ktbw  on  same  land  in  ISfKI,  depth  of  pIowiuR 
abont  5  inches,  plants  Hhowed  above  gronnd  10  days  after  sowing,  wore  not 
tbintied,  oaltivated  twice,  did  not  give  aarefnl  cnltnre. 

495 — W.  JaqaeCte,  Kalispell,  Hont.  Sowed  Hay  8th,  soil  sandy  loam  18  inch- 
es deep,  length  of  rows  one  rod,  width  between  rows  18  inches,  did  Dot 
irrigate, dog  Got.  9 tb, vegetables  grew  on  same  land  in  1896,  depth  of  plow- 
ing 10  inches,  plants  showed  above  ground  Jaly  10th,  thinned  July  20tb, 
cnltivated  twice  with  hoe  Jaly  30th  and  Ang.  10th,  gave  carefnl  cnltnre. 

496— Robert  0.  Palmer,  Kalispell.  Hont.  Sowed  May  7th,  soil  sandy  loam,  14 
inohes  deep,  length  of  rows  iS  feet,  width  between  rows  30  inehes,  did  not 
irrigate,  dng  Oct.  14th,  yield  per  sqnare  rod  3.')0  lbs.,  potatoes  grew  on 
same  land  in  1896,  depth  of  plowing  8  inches,  plants  showed  above  gronnd 
Jane  Ist,  were  not  thinned,  cultivated  onoe  with  hoe  Jnne  10th,  did  not 
give  oarefal  cnltnre 

497— Tbeo.  Konig,  Kalispell,  Hont.  Sowed  Jane  13th,  soil  black  loam  vritb 
sand,  length  of  rows  5  rods,  width  between  rows  2^^  feet,  did  not  irri- 
gate, dng  Oct.  Sth,  tar'iips  grew  on  same  laud  iu  I31>6.  depth  of  plowing 
6  inohes.  plants  showed  above  ground  Jnue  'HA,  oaltivated  once,  did  not 
give  care  ml  coltnro. 

^98—0.  E.  Pcttit,  Kalispell,  Hont.  Sowed  May  lOth..  soil  gravel  sand  and 
loam,  irrigated  three  times,  Angast  Ist,  Sept.  3nd  and  35tn,  dug  Oot.  13, 
carrots  grew  on  same  land  in  1896.  depth  of  plowiug  10  inches,  thinned  Jnly 
16th,  hoed  once  Jaly  3rd. 

499-0.  O.  lugalls.  Kalispell.  Hont.  Sowed  Hay  Ist,  soil  sandy  loam,  did  not 
irrigate,  dng  Oot  Sth.  wheat  grow  on  same  land  in  1896,  depth  of  plow- 
iDg  6  inohes,  cultivated  once. 

600— J.  H.  Eayres.  Kalispell.  Mont  Sowed  May  ISth.  soil  sandj  loam,  length 
of  rows  12  rods,  width  between  rows  18  Inches,  did  not  irrigate,  dog  Oot, 
4th,  oats  grew  ou  same  land  in  1896.  depth  of  plowing  7  Inches,  plants 
showed  above  gronnd  Jane  1st,  thinned  Jnae  ISth,  cnltivated  three  times 
with    hoe,  did  not  give  careful  cnlture, 

601— A.  Troman,  Springhill.  Hont.  Sowed  Hny  ?.  soil  black  aniand  5  feet 
deep,  length  of  rows  two  36  feet,  two  26  feet  long,  width  between  rows  $hi 
feet,  irrigated  by  spriuklinff,  dug  last  of  Oct.,  yield  about  300  lbs.  on  the 
TOWS,  celery  grew  on  same  land  in  1R96.  depth  of  plowing  8  inches,  cnlti- 
vated twice  with  hoe,  gave  fair  cuKnre. 

502— A.  A.  Spanlding,  Bozemao,  Hont.  Sowed  May  1st.  soil  light  clay  1  foot 
deep,  length  of  rows  Ifi  feet,  width  betweeii  rows  2  feet,  irrigated  twice 
July  16th  and  30th,  irrigated  by  farrow  system,  dng  Oot.  14th,  yield  380 
lbs.  per  square  rod,  potatoes  grew  on  same  laud  in  1896,  depth  of  plowing 
8  inobes,  plants  showed  above  ground  about  May  16th,  thinned  Jnue  lOth, 
cultivated  four  times  with  garden  cnltivator  and  hoe,  gave  careful  culture. 
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604— R.  A.  Baxter,  Bozemao,  Hoot.  Sowed  Jane  lOth,  soi 
deep,  length  of  rows  10>^  feet,  width  between  rows  S  f< 
gate,  dog  Oct.  3od,  ooru  and  oabbage  grew  on  same  land  ' 
plowing  6  inches,  did  not  tbin  tbem,  did  not  give  careful 

SOS— J.  A.  Hoore,  Belgrade,  Mont  Sowed  Hdj  36tb.  soil  bit 
irrigate,  dng  Sept.  80th,  oats  grew  on  same  land  in  l898,i 
8  inches,  eigbt  aaja  before  plants  oame   up. 

506— L.  B.  Wisner,  Bozeman,  Hont  Sowed  May  14tb,  soil  b] 
deep,  lengtb  of  rows  30  feet,  width  between  rows  30  ii 
fonr  times— Hay  14th,  Jnne  16tb,  Aug.  Ist,  Ang.  18tb  I 
Out.  Both,  yield  760  lbs.  per  sqaare  rod,  potatoes  grew 
1896,  depth  of  plowins  8  inobea,  plants  showed  above  gi 
thinned  June  31st,  oaltivated  by  harrowing  June  Hat,  d 
fal  ooltnre. 


TABLE  No.   16. 
CROP  OF  1898— MONTANA  EXPERIMENT  S 


Lab. 

JJo.  Description 

843    Montana  Exp.  Stat 


Ave. 

Percent 

Perc 

"«!.°' 

^r- 

in  Jiiioe 

inli 

ation,  26  oz. 

16.8 

12.5 

18  oz. 

18.1 

1S.2 

81  oz. 

10.2 

IS.l 

17  oz. 

IB.l 

IS  6 

IS  OK. 

IB  8 

1S.3 

EXPERIMENT  STATION  TEST— SUGAR 

DATA,   1898. 

Date  of  sowing  June  8th  and  9th.  Out  of  grou: 
Badly  cut  down  by  hail  June  20th,  Cultivated  June  3 
July  ist  and  2nd.  Cultivated  July  9th  and  20th.  Irrij 
and  33d.  Cultivated  July  28th  and  29th,  and  Aug. 
Aug.  loth  and  13th.  Cultivated  Aug.  i8th.  Harve 
Yield  per  acre  12,072  pounds.  The  late  planting  and 
count  for  this  very  poor  showing. 
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TABLE  No.   17. 
CO-OPERATIVE  TESTS,   1898. 
Purwiii      I 
Wi!i2lit  01        D<"Rreo8       SuRar       ! 


lell. 


.UIIBll. 

s,                       18  oz. 

15.7 

inneil, 

J,                                 17  OK. 

17,0 

>t  Slock  Furui 

on.  rr^uiKxi). 

8««d.                     «  OK. 

210 

JMf  ox. 

•a  3 

31  on. 

•22  a 

37  uz. 

■i-i-A 

H  Stock  Farm 

OB.    aeod 

iu  Uhk-iijio,    50  0/.. 

14.1» 

:vell,  Miles 
ivell.  Miles 


RE   NOTES  OF  CO-OPERATIVE  TESTS.   1898. 
iruhcr.  Cbiuook,  Moot.     Sowoil  June  Ist.  variety  imiiniviil  Vil- 
uikhI    July  13th  to  25H!,  irrijriitcd  Tiilv  .'itii,  ii;irvt!SH-il  Oet.  14th, 
utile  Oct.  ITtb,  soil  sauiiy  loam,  widtu  bi'twi'ou  rows  27  iucbos, 
1  lbs.   per  acre. 

toutiell.  BillitiRS,  Mont,  V.trioty  Viliiioriu,  plaiiteii  Mn.v  STth, 
]y  lltli,  irrigated  Jnun  Wtli,  .Inu"  -Tth  and  .Inly  ISrh,  har- 
30tl).  shippt'tl  Cfct.  21st,  Hoil  sauily  loiim,  widtb  bt'twecn  rows 
S'jasoii  fnvorablo. 

lit  Stock  Farm,  Hamiltoii,  Mout.  V.-trii'ty  Kli?iii  Waii/leben  and 
Vbitc  Imperial,  tberc  wns  uo  way  to  distiiiiini.ib  vnriiity  in  suin- 
rt  May  15tb,  thiiiDcA  Jnne  30th.  were  uot  irrigatod.  harveBt«d 
sbipped  Oct.  19th,  soil  olay  loam,  width  batwceu  ^c^^r,  3G  iiicliti;. 
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842—1.  D.  0*DoDDell,  BilliDgs,  Mont,  from  Ohas.  Garduer's  10-acre  farm 
neax  Billings.  Variety  ViTinorin ;  planted  June  Ist;  thinned  .Inly  lst,irri» 
gated  Jane  24tb  and  Jnly  24th»  harvested  Oct.  2l8t,  shipped  Oot.  2l8t,  soil 
sandy  loam,  alkali,  width  between  rows  28  inches,  seaso)i  favorable. 

849— Henry  Backhouse,  Missoula,  Mont.  Planted  May  20th.  thinned  July  9th, 
irrigated  Jaly  15th,  harvested  Oct.  22,  soil  sandy  loam,  width  between  rows 
26  inches,  season  average,  beets  were  cultivated  and  irrigated  but  onoo, 
light  sandy  soil  produced  best  beets. 

862— Bitter  Boot  Stock  Farm,  Hamilton,  Mont.  Variety  Klein  Wanzl^ben> 
planted  May  12th,  thinned  June  11th,  irrigated  Jane  20th,  July  14th, Aug. 
2d  and  22d,  harvested  Oct.  18th,  shipped  Nov.  7tb,  soil  loam,  width  be- 
tween  rows  27  inches,  season  favorable. 

875— J.  W.  Strevell,  Miles  Oitv,  Mont.  Beets  |>lauted  May  7th,  ground  ma* 
nured,  pulverized  thoroughly,  irrigated  twice,  Jnly  and  August,  new 
groand  broken  the  previous  fall.     (See  letter  in  other  part  of  report). 


DISCUSSION  OF  RESULTS— EXPLANATION  OF  TERMS. 

In  the  first  year's  work  in  the  laboratory,  on  sugar  beets,  we  had 
no  press  for  obtaining  the  juice,  so  that  the  results,  as  given  in  the 
table,  are  not  as  complete  as  in  the  following  years. 

The  "average  weight"  was  obtained  by  weighing  ten  beets  of  as 
nearly  average  size  as  possible  and  dividing  this  weight  by  ten.  When 
the  beets  were  divided  into  three  classes,  large,  small  and  medium,  a 
similar  method  was  pursued. 

If  at  any  time  less  than  ten  beets  were  sent,  then  the  weight  of  all 
those  sent  was  averaged. 

The  "per  cent,  of  sugar  in  the  beet**  was  determined  at  first  direct 
and  represents  the  number  of  pounds  of  perfectly  pure  sugar  contained 
in  one  hundred  pounds  of  beets. 

Later,  after  we  procured  our  press,  the  percentage  of  sugar  in  the 
beet  was  calculated  from  the  percentage  contained  in  the  juice,  by  mul- 
tiplying by  ninety-five-hundredths,  for  as  the  result  of  many  thousand 
analyses  it  has  been  found  that  the  residue  from  pressing  the  beet  av- 
erages five  per  cent,   or  one-twentieth  of  the  weight  of  the  beet. 

The  percentage  of  sugar  in  the  juice  represents  the  amount  of  pure 
sugar  in  one  hundred  parts  of  the  juice;  for  example,  in  the  analysis 
numbered  479  in  tables  of  analysis,  the  percentage  of  sugar  in  the  juice 
is  given  as  sixteen.  This  means  that  in  a  hundred  pounds  of  juice 
there  are  sixteen  pounds  of  pure  sugar,  and  in  a  ton  of  juice  twenty 
times  sixteen  pounds — three  hundred  twenty  pounds. 

Not  all  of  the  sugar  contained  in  the  juice  is  obtainable,  however, 
the  proportion  available  being  dependent  upon  the  relation  of  the  "De- 


HH 


»' 
\ 

k:-* 


.  f.i 


Aj 


►/ 


A 


E  MONTANA  EXPERIMENT  STATION. 

lich  gives  the  percentage  of  all  the  solid  matter,  includ- 

lined  in  the  juice,  to  the  percentage  of  the  sugar. 

ar  there  are  mineral  salts,  nitrogenous  matter,  etc.,  held 

1  it  has  been  found  that   these   substances   other   than 

an  equal  weight   of  sugar  from  being   separated  in  the 

ufacture. 

npte  cited  above  there  is  twenty  per  cent,  of  total  solids, 

dicate  the  presence  of  four  per  cent,  of  other  solids  than 

Rcient  of  Purity,"  or  "Quotient  of  Purity,"  or  simply 
s  value  obtained  by  dividing  the  percentage  of  sugar  in 
I  percentage  of  total  solids  and  multiplying  the  answer 
I,  so  as  to  express  it  in  percentage.     In  the  example  se- 

the  per  cent,  of  sugar  in  the  juice,  divided  by  twenty, 

total  solids,  gives  eight-tenths,  which,  multiplied  by 
yields  eighty  per   cent,  which   is  the    "purity"  of   this 

this  indicates  that  of  the  sixteen  per  cent,  of  sugar 
uice  but  eighty  per  cent,  or  four-fifths  of  the  total 
able,  which  means  that  but  twelve  and  eight-tenths 
r  to  the  hundred  pounds  of  juice  may  be  saved, 
it  will  be  seen  that  the  purity  coefficient  is  a  very  im- 
n  determining  the  quality  of  sugar  beets. 

VARIETY, 
ere  stated  orherwise  the   variety   was   Kteinwanzleben, 
1  the  best  general  results  in  comparative  tests. 

TIME  OF  RIPENING, 
f  ripening  has  an  important  bearing   upon   the  question 

of  sugar,  because  each  day's  work  of  a  manufacturmg 
list  of  necessity  remain  idle  the  greater  part  of  the  year, 
afit  of  five  hundred  dollars  or  thereabout.  The  earlier 
1  begin  work,  the  more  profitable  will  be  the  campaign. 
ion  of  the  table  giving  the  results  of  the  Experiment 
[8g6,  shows  that  beets  of  fair  size  and  high  sugar  con- 
ible  as  eariy  as  Sept.  i8,  which  would  be  an  exception- 
or  the  beginning  of  a  fall  campaign,  and  would  make  it 
In  the  desirable  one  hundred  days  run  before  Christmas, 
rmers  indicate  that  a  factory  CQuId  cert^nly  be  con.- 
l  from  the  fiiTSt  Qi  October. 
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It  must  be  borne  in  mind,  however,  that   the   increa; 
more  rapid,  as  a  rule,  in  the  last  stages  of   growth,    and 
harvesting  may  result  in  considerable  loss  of  sugar. 

Our  experience  has  not  fully  supported  the  view  that 
very  marked  in  the  last  stages  of  growth,  for  the  example: 
would  indicate  in  their  percentage  of  sugar,  that  not  enou 
gained  by  continuance  of  growth  beyond  the  first  of  Oc 
pensate  for  an  enforced  idleness  of  a  factory  for  the  same 

YIELD  OF  CROPS. 

(iir  experience,  coupled  with  the  results  of  co-oper 
ments  by  farmers  in  all  parts  of  the  State,  lead  us  to  bi 
are  justified  in  expecting  yields  of  from  twelve  tons  an  aci 

The  average,  we  think,  may  be  safely  put  at  fifteen 
The  Manhattan  Malting  Co.,  at  Manhattan,  raised  26J  toi 
this  weight  corresponding  to  the  factory  weight  of  topped 

For  a  factory  of  average  size  requiring  30,000  tons 
campaign,  at  least  2,000  acres  would  be  required  to  be  pis 
to  insure  the  factory  sufficient  raw  material. 

CULTURE  NOTES. 

The  reports  sent  in  by  the  farmers  who  have  co-ope 
show,  almost  without  exception,  that  the  sugar  beets  w 
the  care  they  require,  that  they  might  yield  the  best  re 
weight  and  sugar  contents.  It  must  be  constantly  borne 
large  beets  are  not  desirable,  medium  beets  give   best  resi 

In  no  case,  of  all  notes  sent  us,  do  we  find  evidencf 
plowing  was  deep  enough.  Sugar  beet  growing  is  an  art 
acquired  by  patient  study  and  experiment  and  it  is  not  t< 
that  our  present  figures  should  represent  the  best  possibi 
in  time  sugar  beets  of  standard  grade  were  required,  1 
farmer  can,  if  he  will,  supply  them. 

No  attempt  is  made  to  draw  any  conclusions  from  thi 
in,  except  to  draw  attention  to  the  fact  that  as  already  no 
they  deserve  was  not  given  them.  The  notes  are  offered 
of  times  of  planting,  thinning,  cultivating,  etc.,  and  may 
as  guides  to  those  who  shall  experiment  along  this   line   ii 
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NFAVORABLE  CONDITIONS.    ■ 

e  were  hindered  in  getting  crops  sown  early  by  un- 
lather,  but  even  under  the  most  unfavorable  condi- 
ipened. 

ve  not  been  reported  as  the  cause  of  damage  in  any 
lOt  mentioned,  except  in  one  case  where  red  beets 
ily  once  have  1  seen  any  evidence  that  they  have 
s  was  where  the  crop  had  taken  a  very  poor  stand, 
jticed  in  September. 

»F    RESULTS   IN  MONTANA    WITH   THpSE 
OF  OTHER  STATES. 

in  Wisconsin  of  beets  grown  on  517  farms  in  59 
per  cent,  sugar  in  thejuice,  with  a  purity  coefficient 

tables  of  averages  represent  the  character  of  the 
Montana  for  1S9S. 

tes  sent  from  two  ranches  where  alkali  was  strong, 
nferior  seed  was  used,  the  following  are  the  results: 

rei([ht S»  oz. 

out  Botirts 32.4  per  (Mint. 

iiKarin  jalce 18  B  percent. 

urity 82  0  per  ceot. 

uftar  in   beets 17.66  per  uent. 

nt  Station  results  were  poorer  this  year  because  of 
Rth,  and  the  fact  that  just  as  plants  were  coming 
ail  storm  destroyed  them .      Station  : 


eiffht.. 
ital  aol 


I  solids 18  3  per  ceiir. 

iisitr  ill  jnice 14  !t4  per  cent. 

iiiriiy 78  33  per  cent. 

ugar  ill  lieel 18  0^  per  i-cnt. 

alkali  lands  and  poor  seed : 

jeiniil 37  0/ 

nliil  Holiiln 18.7  p«r  t-eiii. 

mrnr  in  ]iiip« 11.6  iJtr  ci-nl. 

iiril.v 6114  (Htr  cpnt. 

iiKiir  in  beel 11.05  per  cent. 
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Aver^es  of  whole  season's  crop  from  all  sources,   good  bad  and 
indificrent : 

Averafte  weight 31  oz. 

Avemse  total  notids 32.8-J  par  cent. 

Average  aiifcnr  in  juice 14. &0  per  cent. 

Avernge  purify 76  0  per  cent. 

Average  suRar  id  beets 18  80  per  cent. 

Average  of  best  beets  from  outside  with  Experiment  Station  beet^  : 

Aversge  weight 30,8  oji. 

Avorage  total  Bolidf 20.fl3  per  cent. 

AvcrHgc  piignr  in  Juice 17.07  per  cout. 

Averafte  puritj 81.30  per  cent. 

Average  sugar  in  beeta 10  31  per  cciit. 


TABLE  No.   18. 

RESULTS  IN  DIFFERENT  STATES, 

(^Rn-Ued  from  Idaho  Bulletin). 
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CONDITIONS  NECESSARY  FOR  THE  SUCCESSFUL  MANU- 
FACTURE OF  BEET  SUGAR. 

Assuming  that  capital  is  seeking  a  locality  for  the  building  of  a 
factory  for  the  production  of  beet  sugar,  it  is  interesting  to  note  the 
conditions  which  will  determine  the  selection  of  the  site. 

1.  An  abundance  of  beets  of  standard  grade  are  required. 

2.  Transportation  to  the  factory  must  be  cheap;  the  distance  can 
not  be  great. 

3.  An  abundance  of  pure  water  must  be  available. 

4.  Fuel  must  be  cheap. 

5.  Limestone  of  good  quality  must  be  near  at  hand. 

6.  The  factory  should  be  located  on  a  railroad,  that  the  product 
can  easily  reach  the  market. 

7.  There  should  be  a  means  of  disposing  of  the  extracted  pulp  to 
stockmen,  for  use  in  fattening  cattle  for  market.  This  stock  should  be 
fed  on  the  farms  from  which  the  beets  are  received,  in  order  that  the 
plant  food  may  be  returned  to  the  land. 

Now  can  any  locality  in  Montana  meet  all  the  above  requirements  ? 

We  believe  there  are  many  sections  of  the  state  where  it  can  be 
done.  Being  most  familiar  with  the  Gallatin  Valley,  we  cite  it  as  an 
example  of  what  Montana  can  offer. 

Many  times  the  number  of  acres  required  to  furnish  beets  to  a 
large  factory  lie  idle  each  year,  under  the  fallow  system  prevailing.  If 
a  small  portion  of  these  lands  could  be  used  for  raising  sugar  beets,  not 
only  would  one  or  more  factories  be  supplied  with  raw  material,  but 
the  problem  of  transient  labor,  which  so  seriously  confronts  us  every 
fall  at  threshing  time,  would  in  a  degree  be  solved,  for  more  men  would 
be  necessary  on  ranches  during  the  season  of  cultivation,  and  these 
same  men  would  be  available  for  threshing  in  the  fall  and  for  stock 
feeding  in  the  winter. 

The  question  of  improved  methods  has  been  touched  upon  else- 
where. 

The  Northern  Pacific  railroad  running  the  length  of  the  valley 
would  afford  transportation  of  the  refined  product  to  the  market  which 
would  be  local,  for  it  would  take  several  factories  to  supply  the  sugar 
consumed  within  the  state. 
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An  abundance  of  pure  water  may  be  obtained  fr 
river  or  any  of  its  branches. 

The  coal  mines  located  |ust  at  the  edge  o(  the  val 
all  demands  at  a  price  which  would  compare  favorabl 
in  any  locality. 

Very  excellent  limestone  may  be  obtained  in  th 
tains  Dear  at  hand.       Following  is  the  analysis  : 

ANALYSIS  OF  BRIDGER  LIMESTC 

Silica 0.15  p 

Alumina  and  Uxide  of  Iron 0.34  p 

Lime 54.03  p 

Magnesia. 0.08  p 

Carbonic  Anhjdride  43.53  p 

Molatore,  Organic  Matter,  etc 1.07  p 

Nearly  all  ranchers  in  the  valley  own  or  oiigh 
which  they  could  profitably  feed  the  pulp,  and  there  ^ 
culty  in  selling  pulp  at  a  reasonable  price. 


TABLE  No.   19. 
The  following  figures  give  actual  working   result 
factory  : 

CHINO  VALLEY  BEET  SUGAR  C 
16V4. 

Acres  of  beets  growu 4.778 

Tons  of  beets  produced 4S.778 

Average  yield  of  beets  per  acre,  tons O.ltt 

Percent  of  sugar  iu  beets IS 

Crude  sugar  per  acre,  pounds 3,748 

Sugar  per  acre  80  percent,  pure 2,198 

Began  making  sugar Aug.  2 

FlDished  making  sugar Oct.  34 

Days  in  operation 85 

Average  weight  of  beets  worked  daily,  tons 53B 

Average  weight  of  sugar  made  daily,  pounds 111,481 

Total  weight  of  sugar  made,  tons 4.736 

Average  price  paid  farmers  per  ton  for  beets M.66 

Average  return  per  acre MS.W 
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SUMMARY. 
;udy  of  the  foregoing  presentation  will  justify   the  fol- 
sns  : 

la  conditions  are  favorable  to  the  production  of  sugar 
gar  content  and  standard  purity. 

:arly  demonstrated  that  greater  attention  on  the  part  of 
are  of  the  crop  would  be  attended  with  marked  im- 
he  quality  of  the  product. 

localities,  similar  in  location  and  climate  to  the  Gal- 
sess  all  the  requirements  of  sites  for  the  location  of  beet 

)eets  containing  the  required  amount  of  sugar  and  of 
cannot  be  grown  in  presence  of  excess  of  alkali. 
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lers  of  the  State  who  have  so  kindly  aided  mc  by  co- 
to  the  Agriculturists  of  the  Experiment  Station  who 
le  with  field  notes  and  to  my  assistant,  Mr.  Cobleigh 
rge  portion  of  the  analytical  work  has  devolved,  I  wish 
my  thanks. 
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LETTER  OF  TRANSHITTAL. 

BozEMAN,  Montana,  August  25,  1898. 
To  His  Excellency,  Rohi,  B.  Smith,  Governor  of  Montana: 

Dear  Sir— I  have  the  honor  to  transmit  to  you  herewith  in  accord- 
ance with  law,  the  Fifth  Annual  Report  of  the  Montana  Experiment 
Station.  Respectfully, 

S.  M.  Emery,  Director. 


EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kinkel,  Jr.,  Vice-President Manhattan 

Walter  Cooper Bozeman 

Nelson  Story Bozeman 

EXPERIMENT.  STATION  STAFF. 

S.  M.  Emery, Director  and  Horticulturist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist. 

E.  V.  Wilcox,  Ph.  D Biologist.  , 

H.  S.  Jennings,   Ph.  D Botanist 

Frank  Beach,  M.  S.  (resigned  April  i,   1898) Agriculturist 

RoBT.   S.  Shaw,  B.  S.  A Assistant  Agriculturist. 

Post  Office,  Express  and  Freight  Station,  Bozeman. 

All  communications  for  the  Experiment  Station  should  be  ad- 
dressed to  the  Director. 

Montana  Experiment  Station, 

Bozeman,  Mont. 


NOTICE — The  bulletins  of  the  Station  will  be  mailed  free  to  any 
citizen  of  Montana  who  sends  his  ?jam^  ac^(J  add^e^s  tQ  the  ^t^atJQQ  (qr 
that  purpose. 
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Report  of  the  Treasurer  of  the  Board. 


The  Montana  Experiment  Station,  in  Account  with  the  United  States  Appropria* 
tion,  1897-98, 


Ml 

_  ft 

Tu  receipts  from  the  Treasurer  of  the  United  States  as  per  appropri- 
ation for  fiscal  year  ending  June  80th,  1898,  as  per  act  of  Congress  ' 
approved  March  2.  1887 • $15,000  00; 

To  Sales  Farm  Produce l.«76  32 

Total $16,976  2d 

By  Salaries $  6,894  86 

Labor : 8,127  52/^ 

Publications 404  00  i 

Postage  and  Stationery 158  05 

Freight  and^Express 206  50  .• 

Heat.  Light  and  Water. . .  / 284  42  ■}, 

(yhemical  Supplies 551  25  ^ 

Seed,  Plants  and  Sundry  Supplies 414  46 

Fertilizers 

Feeding  Stuffs 80  70  ,^ 

Library 66  84 

Tools.  Implement^}  and  Machinery 278  18 

Furniture  and  Fixtures 850  68 

Soientitic  Apparatus 1,356  59 

Live  Stock. . ; 16  50 

Traveling  Expenses 

Contingent  Expenses ' 115  00 

Building  and  Repairs 2,726  22 


.1-9 


Total. $16,976  22 


We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  ^ 

do  hereby  certify  that  we  have  examined  the   books   and   accounts   of  '^i 

the  Experiment  Station  of  Montana  for  the  fiscal  year  ending  June  30,  \ 

1898;  that  we  have  found  the  same  well  kept  and  classified    as    above,  ^ 

and  that  the  receipts  for  the  year  from    the   Treasurer   of   the    United  ;^ 

States  are   shown  to   have   been   1 15,000,  and   the   receipts   of    farm  i 

produce  to  have  been  $1,976.22,  and  the  corresponding  disbursements,  \ 

116,976.22,  for  all  of  which  proper  vouchers  are  on  file  and  have    been  ,^ 

by  us  examined  and  found  correct,  thus  leaving  no  balance.  '' 

And  we  further  certify  that  the  expenditures  have  been    solely   for  '\ 

the  purposes  set  forth  in  the  Act  of  Congress  approved  March  2,  1887.  ; 

Attest:  Signed: 

Peter  Koch,  Lester  Willson,  )  .     ,. 

Custodian.  Peter  Koch,  J- Auditors, 
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eport  of  the  Director  for  the  '. 
ear  Ending  June  30,  1898. 


STATION  STAFF. 

ion  of  Frank  Beach  was  accepted  April  is 
ion  of  H.  S.  Jennings  (who  resigned  to  ac 
artmouth  College)  was  accepted  June' 30, 
law,  M.  S.,  B.  S. ,  was  elected  assistant   i 

FARM  IMPROVEMENTS, 
jr  was  laid  in  the  swine  house  at  an  expen 
things  considered,  that  this  ts  the  best  n 
D  consideration  of  the  high  price  (ruling  ii 
)  per  bbl.  for  the  best  Portland — varioi: 
nd  sand  were  used.  A  part  of  the  floor  w 
it  and  sand;  a  second  part  was  made  of  o 
rts  sand  and  still  another  part  was  made  1 
larts  of  sand.  This  work  was  done  betwe< 
ov.  15th  the  thermometer  indicated  23  deg 
1  the  inside  of  the  swine  house  (this  is  mai 
13  degrees  above  freezing.  This  differe: 
ure  between  outside  and  inside — is  me 
I  log  building  can  be  constructed.  It  is  su 
g  of  the  cement  before  hardening  and  dryi 
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a  very  injurious  effect  upon  such  floor  or  pavement.  Later  a  stove  was 
set  up  in  the  building  and  fires  maintained  therein,  the  surface  of  the 
cement  floor  first  being  covered  to  a  depth  of  two  inchesi  with  sand  to 
prevent  drying  too  rapidly,  which  also  has  a  tendency  to  crack  and 
check  the  cement. 

Observations  will  be  taken  as  to  the  difference^  if  any,  between 
those  portions  of  the  floor  in  which  cement  was  used  in  varying  quan- 
tities. 

GREENHOUSE  AND  STEAM-HEATING  PLANT. 

A  greenhouse  was  built,  20x40  feet,  inside  measurement,  quarter 
pitch  to  roof,  with  double  thick  glass,  butted,  (i.  e.,  not  lapped)  with 
putty  between  the  joints.  The  roof  is  set  upon  hollow, brick  walls  18 
inches  thick.  Twelve  runs  of  i}(  pipe  under  the  benches  and  three 
runs  in  the  apex  of  the  roof  through  which  hot  steam  passes,  sup- 
plies more  heat  than  is  required,  and  it  is  proposed  to  duplicate  the 
present  house  by  building  one  along  the  west  side  of  same  dimensions. 

Steam  is  generated  in  a  20  H.  P.  boiler,  situated  in  the  basement 
of  the  Experiment  Station  building,  some  40  feet  from  the  greenhouse. 
It  also  is  utilized  in  heating  four  stories  (18  rooms  and  halls')  in  the 
Experiment  Station  building.  Fuel  used  is  slack  coal  from  the  Trail 
Creek  mines.  The  greenhouse  supplies  needed  facilities  in  horticul- 
tural work  as  well  as  timely  material  for  winter  classes  in  the  study  of 
botany, 

Cost  of  greenhouse  and  heating  plant — exclusive  of  boiler  in  Sta- 
tion building — $1,200.00. 

Owing  to  the  excess  of  bright,  warm,  sunshiny  days,  also  the  com- 
parative mildness  of  Montana  winters,  glass  possesses  a  double  value 
in  this  state  in  winter  forcing,  as  in  the  majority  of  days  in  January, 
February  and  March  it  was  found  necessary  to  shut  off  the  steam  to 
prevent  excessive  heat  in  the  greenhouse. 

CHANGES  IN  EXPERIMENT  STATION  BUILDING. 

The  Entomological  and  Botanical  Departments  of  the  College  and 
Station  were  too  cramped  in  the  proposed  new  quarters  in  the  new 
College  buildings,  so  much  so  that  it  was  seen  to  be  impossible  to  af- 
ford opportunity  for  extension  and  for  museum  facilities.  To  meet 
this  demand  for  office,  class  and  museum  room  purposes,  the  ^ttic 
chamber  of  the  Experiment  Station  building,  hitherto  used  for  storage 
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to  a  main  well-lighted  room,  22x52  feet,  and 
0x20  feet.  The  former  office  rooms  on  main 
ling  were  converted  into  suitable  living  rooms 
:  second  story  formerly  occupied  for  this  pur- 
r  class  rooms  for  the  departments  named, 
lighted  rooms  were  finished  oH  on   west   side 

0  oflices  for  the  Director  and  the  Agriculturist 
y  room.  This  practically  doubles  the  capacity 
•n  building  at  a  nominal  cost  of   {534.00  and 

1  the  exception  of  the  chemist,  whose  labora- 
StatioD  building,)  all  under  one  roof. 

ESTRY  DEPARTMENT. 

were  inaugurated  with  the  following  timber 
Ipa,  white  birch,  white  elm,  white  ash,  cott'on- 
r  oak,  English  alder,  European  larch,  black 
:ees,  the  following  :  Scotch  pine,  Austrian 
lin  pine,  white  spruce,  balsam  fir,  white  cedar 
'olorado  blue  spruce,  abies  concolor,  dwarf 
i  pine,  Douglass  spruce.     Of  these  the  foUow- 

satisfactory  growth :  soft  maple,  catalpa, 
ce,  red  pine,  white  spruce,  Douglass   spruce, 

;t  of  satisfaction  are  ;  white  birch,  white  ash, 
eaf)  mountain  ash,  burr  oak,  European  larch, 
>lor,  Austrian  pine,  dwarf  pine,  pice  a  pun  gens, 
red  cedar,  Scotch  pine,  mountain  pine.  Those 
are :  white  birch,  Cottonwood,  burr  oak, 
pine,  Austrian  pine,  red   cedar   and   Colorado 

ginally  set  for  the  dual  purpose  of  experimen- 
me-grown  stock  to  be  used  on  the  Station 
titer  belts  and  ornamental  trees, 
'earlings,  and  in  conifers,  two  and  three  year 
1  set.  The  conifers  had  grown  for  one  season 
n  been  transplanted  underbrush  arbors, where 
id  one  or  two  years.  The  deciduous  tree? 
leight,    while  the   conifers   were  from  6  to  12 
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inches  high  when  set.  Varieties  adapted  to  ou 
well.  Cottonwoods  are  from  10  to  12  feet  in  he 
3  inches  at  the  collar;  oaks,  3  to  4  feet  with  a  ( 
larch,  5  to  6  feet;  Scotch  and  Austrian  pine,  3^ 
and  blue  spruce,  2  feet.  This  is  a  much  more  < 
the  farmer  by  which  to  secure  shade  and  ornam 
lai^e  trees  in  the  first  case.  Small  trees  cost  fr 
1,000:  freights  are  inconsequential;  the  labor  of 
.  tivation  for  the  period  between  purchase  and  d« 
size  for  permanent  planting  is  trifling,  and  resu 
under  ordinary  care  and  treatment. 

The  success  attending  this  planting  was  £ 
the  spring  of  1897,  correspondence  was  entered 
the  Forestry  Division  of  the  United  States  Dep 
with  a  view  to  securing  a  permanent  governmei 
This  was  successfully  terminated,  the  basis  of  t! 
furnishing  by  the  Department  of  Agriculture  of 
plans  for  setting  and  the  means  for  paying  labo 
Experiment  Station  was  to  supply  ten  acres  of  I 
work  and  the  supervision  under  direction  of  the 
Division  of  the  work.  Three  acres  were  thus 
ditional  stock,  the  whole  aggregating  35,000  de 
trees  were  set  in  blocks  and  nursery  rows. 

The  stock  supplied  was  not  satisfactory  ani 
and' the  results  of  the  first  season's  co-operatior 
not  at  all  satisfactory  to  the  Station.  This  is  I 
and' is  deserving  of  the  best  efforts  of  the  Expei 
timbered  area  far  in  excess  of  any  other  state  in 
mentable  fact  that  the  average  farm  home,  roa 
and  corrals  are  barren  of  shade  and  wind  break 

No  matter  how  fertile  the  fields,  how  abun< 
supply,  how  grand  the  distant  mountain  scener 
able  shade  and  protection  to  the  farm  home  and 
can  be  properly  classed  as  homes.  Thrf  tree  w 
set  in  Montana  is  botanicalty  termed  "populus 
row  leafed  cottonwood,  termed  by  some,  bastar 

This  tree  answers  as  a  temporary  makeshif 
factory  shade  tree.     It  is  a  variation  of   the   br 
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a"  and  has  in  a  marked  degree  the  tendency  in  ail 
i  general  make  up.  Its  worst  faults  are  its  early 
y  decay,  a  tejidency  to  cover  its  stems  with  rough, 
ices  and  to  bleed  wherever  pruned.  This  excretion 
ijurioiis  to  the  development  of  the  tree,  but  it  ac- 
:k,  viscous  sticky  form  over  the  stem  of  the  tree, 
htly  appearance  to  the  trunk.  The  broad-leaf  cot- 
better  tree  for  general  planting. '  As  a  young  tree  it 
ider  in  the  latitude  of  Bozeman,  but  this  difficulty  is 
e  ages.  Many  object  to  the  diffusion  of  the  cotton 
this  can  be  avoided  by  transplanting  in  nursery 
;s  and  there  cultivating  until  the  female  tree  fruits, 
uUed  out  and  only  male  trees,  which  do  not  shed 
principal  merits  of  this  over  the  native  tree  is  that 
desirable  habit  of  growth  and  develops  into  a 
ree,  valuable  not  only  for  lumber  but  fire  wood  as 
grained  and  resists  snow  and  wind  effects  better 
t  and  is  readily  propagated  from  cuttings. 

ORCHARD  TREES, 
e  results  irom  the   general   planting   both   of   root 
set  in  orchards. 

are  sorts  tested  in   nursery  which   give   promise  of 
la  planter,   hardiness  and   vigor   of   growth  being 


Alexander 

Autamn  S.  Pearmain 

Arkaoiiaa  Beauty 

Arkansas  Block 

Clayton 

Enrly  Harvest 

Dncbefis 

Strawberry  Crab 

Florence  Crab 

Fameuae 

(ireenwood 

Hughes  Virginia 

Huntsman 

Hersay  Sweet 
Lady  Elgiii 

Ki^g"** 

Longlield 
Minller 

Montreal  Beanty 

MclDtosb 

Martha 

Northweatern  Greening  Nortbern  9py 

Price's  Sweet 

Plumbs  Cider 

Pumpkin  Sweet 
Red  BieliKhelmer 

Perry  Russet 

Ram  bo 

Ramsdall  Sweet 

Roxbury  Russet 

Roman  Stem 

Rolfe 

Rawles  Janel 

Stump 

Smith's  Cider 

Scott's  Winter 

Start 

Spilzenburgh 

I'etofsky 

Twenty  Ounce 
Van  Wyck 

Ulter's  Red 

While  Arctic 

Whitney 

Yellow  Transparent 

Weailhy 
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These  sorts  are  behaving  well  in  orchard  as  young  trees,   and  give 
promise  of  being  worthy  of  trial : 

Variety.                                          SET.  ALIVE.  DEAD. 

Yellow  CrimeaD 5  5 

Red  Qaeen 6  6 

Grandmother 5  8                             2 

Gipsy  Girl 5  4                             1 

Bogdanoff 5  5 

Persian 5  5 

Royal  Table 5  4                             1 

12  M 5  4                              1 

Rambour  Qaeen 5  4                             1 

^o.  257 5  4                              1 

Borsdorf 4  1                             3  . 

Longtield 3  2                             1 

Wealthy 5  5 

Alexander 2  2 

Tetofsky 5  3                             2 

Arabskoe 2  2  . 

Fameuse 2  1                      '      1 

Cross 1  1 

Gideon 3  8 

Veronisch 11  7                             4 

Anisette : 4  3                             1 

Zuzoflf 5  2                              3 

Aport 5  5 

Baiken 5  4                              1 

Boseniiagen 5  3                             2 

Orel  No.  U 5  8                             2 

(sood  Peasant 5  5 

Leads  N 7  6                              1 

Walbridge 2  1                             l 

Northern  Spy 2  2 

Gravenstein 2  2 

Veronisch  Rosy 3  3 

Grimes' Golden 2  2 

Red  Bietigheimer 2  1                             1 

Hurlbnrt 2  2 

FallPippin 2  2 

Ben  Davis 2  2 

GoldenRusHet 5  8                             2 

Keswick  Codlin 2  2 

Red  Astrachan 2  2 

Uaas 3  1                             2 
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Ukabeoa 3 

Thorn  peon's .'.  24 

Suttoa  Beauty S 

M&lden  Blush 2 

Uarbess 5 

Scott's  Wint«r B 

Wolf  River 8 

Hiberoal 3 

Bt.  Lawrence 2 

Talman  Sweet 3 

Yellow  Transparent 2 

Pe  waubee 3 

ToUl 314 

PEARS, 

Variety.  SET. 

(liffaitl 3 

Frederick  Clapp  3 

Flemish  Beautf 3 

Winter  Nelis 2 

Anjou 2 

Boussoct 3 

l>oyeDnedEte 4 

Augouleoie 2 

Sheldon 2 

Seckel 2 

Lawrence 3 

Tot»l 26 

CRAB  APPLES. 

Variety.  SET. 

Pride  of  Minneapolis S 

Whiinej 5 

Hialop 2 

Transcendent 6 

(;  reenwood 8 

Itailey's  Crimson 3 

Martha 8 

Virginia 8 

OranRe 8 

Early  Strawberry 8 

Total 33 
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CHERRY  TREES. 
Vnriety.                                             SET. 

Yellon  (tIhss 5 

Orel  No.  M 5 

Slnuka 5 

Aniarilla 3 

Lutovka .') 

Uriotte  ihi  Nord !i 

BpsaariibiHO F> 

Black  TnrtariHn B 

Uriotte  Frecow 5 

KiDit's  Morello 5 

Royal  Duke 2 

WragK 3 

May  Duke 2 

UnthelDi 3 

Wiodsur 1 

TrnduscaoL 2 

Mootinnrenof 2 

£.  RichinODtl 3 

Total  Hi 

APRICOTS. 

Variety.  SEi'- 

Uibb S 

Aleiaodria 8 

liiidil 3 

Total » 

PRUNES. 

Variety.  SET. 

Ueonce  Glaa^ 8 

HiiDxnrian l(i 

ComDiiiDia  8 

Total 20 

PLUMS. 

Variety.  SET. 

TMge 3 

Charleti  DowuIdk 2 

Spaoish  Kinfc  I 

Riga  No.  113 .'. 

WilaoQ 1 
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Moldovka 5  5 

Ogon 5  5 

Wyant 2  1  1 

F.  Garden 8  1  2 

Milton 3  3 

Yellow  Veronisch 5  5 

Hammer 8  3 

Maquoqueta 5      '  5 

Yellow  Glass 7  6  1 

Wild  Goose 3  3 

Wolf 8  8 

Rollingstone 8  8 

McLaughlin 2  1  1 

Desota 8  3  5 

Weaver 3  3 

Hawkeye 3  2  1 

Smith's  Orleans 2  2 

Lombard 2  1  1 

Green^Gag^e 8  2  1 

Coe's  Golden  Drop 2  1  1 

Bavay*s  Green  Gage 2  2 

Fellemburg *^  1  1 

Peter's  Y.  Gage 2  2 

Total 90  49  41 

A  study  of  the  trees  set  in  orchard  in  1895  will  show  those  which 
have  proven  hardy  so  far,  under  such  climatic  conditions  as  have  pre- 
vailed during  this  period. 

There  have  been  no  abnormal  climatic  extremes,  but  the  lowest 
temperatures — 29^  and — 24^  have  come  in  1896  and  1897,  in  Novem- 
ber, before  the  maturing  of  the  young  wood  had  fully  occurred,  and  it 
is  considered  that  such  conditions  are  peculiarly  trying  to  fruit  trees. 

We  think  also  that  some  trees  have  died  owing  to  irrigation  hav- 
ing been  prolonged  too  late  into  the  season. 

In  1895  and  1896  the  trees  were  irrigated  as  late  as  August  13th, 
while  now  the  practice  is  to  permit  no  water  to  flow  later  than  July  31. 
During  the  months  of  August  and  September  the  nights  are  too  cold  to 
permit  of  ripening  of  wood,  and  the  same  causes  which  prevent  ripen- 
ing also  prevent  undue  evaporation  of  moisture,  hence  the  necessity 
does  not  exist  for  late  watering. 

In  the  event  of  the  leaves  remaining  green  and  vigorous  and  the 
young  growth  of  wood  plump  and  full,  water  is  not  a  necessity  but  in  the 
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event  of  the  leaves  yellowing  in  August,  it  is  then  well  to  administer  a 
light,  quick  watering  which  will  cause  such  conditions  to  cease.  Full 
rank  growth  of  the  young  tree  is  not  a  necessity  where  irrigation  i3 
practised.  Under  good  cultivation  the  older  the  tree  (up  to  full  ma- 
turity) the  stronger  the'  growth,  and  there  is  more  to  be  apprehended 
from  too  strong  a  growth  than  from  the  reverse. 

From  the  experience  in  this  Station  we^  think  there  is  no  question 
but  that  trees  of  following  varieties,  tested  on  our  grounds,  can  be 
safely  planted  in  similarly  situated  locations,  and  that  they  will  come 
to  fruiting  provided  there  be  no  severer  weather  than  that  of  '95  and  '96, 

Of  Russians — Yellow  Crimean,  Red  Queen,  Bogdanoff,  Persian, 
Arabskoe.  Aport,  Good  Peasant. 

Of  other  Standard  Apples — Wealthy,  *  Alexander,  Gideon,  Ben 
Davis,  Keswick  Codlin,  Red  Astrachan,  Okabena,  Duchess,  Hibernal, 
Talman  Sweet,  Yellow  Transparent. 

Of  Crabs — Whitney,  Hislop,  Transcendent,  Greenwood,  Martha. 
Early  Strawberry. 

Of  Pears — GiHard,  Flemish  Beauty,  Boussock,Angouleme,  Sheldon. 

Of  Cherries — Amarilla,  Lutovka,  Montmorency,  Bessarabian,  E. 
Richmond. 

Of  Plums — Moldovka,  Yellow  Veronisch,  Weaver,  Hawkeye, 
Lombard. 

Of  Prunes — George  Glass,  Hungarian. 

The  following  varieties  have  fruited  the  present  season  :     Duchess, 

Transcendent,    Hislop,     Whitney,     Early    Strawberry,    Greenwood, 

Orange. 

It  is  highly  important  that  plums  and   prunes   be  tested  as  to  the 

period  for  ripening  their  fruits,  as  it  is  feared  that  those  of  the  same 
season  and  type  of  the  Weaver  and  Desota,  are  not  going  to  fully  ma- 
ture their  fruits  for  reasons  previously  stated. 

So  far  no  instances  of  leaf  blight  upon  apples  or  crabs  have  been 
noted  by  Station  workers  in  Montana.  We  request  that  the  Station  be 
promptly  notified  of  any  instances  that  may  pass  under  the  observation 
of  Bulletin  readers.  This  is  manifested  by  the  leaves  dying  within  24 
hours  and  hanging  onto  the  twigs  as  dead  and  sere  as  if  it  were  De- 
cember. In  severe  cases  the  young  growth  dies  completely,  the  bark 
turning  brown  and  shrivelling  up,  the  same  as  if  it  had  been  severed 
from  the  tree.     This  is  a  bacterial  disease,  and  is  very  contagious.     It 
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p  from  an  affected  tree  may  be  diluted  in  dis- 
and  if  the  point  of  a  cambric  needle  be  dipped 
en  thrust  into  the  bark  of  the  youug  growth  of 
t  inoculation  will  at  once  occur  and  the  tree 
h  blight. 

upposed  to  be  a  preventive  to  its  ravages;  but 
^ds  of  thousands  of  trees  in  Colorado  in  higher 
are  suffering  from  the  ejects  of  blight.  We 
jnity  from  the  many  insect  and  fungous  and 
ids  upon  Legislative  action,  which  will  make  it 
introduction  of  infested  fruit  trees  and  plants, 
reatly  lessened  by  planting  clean,  home-grown 
trees  are,  so  far  as  observed,  clean  and  free 
nsect  and  fungous  pests. 

STRAWBERRIES. 
to  the  age  to  which  strawberry  beds  can  be 
ithout  renewal.  Estimating  the  cost  of  plants 
ow  a  cost  as  can  be-  reasonably  expected  for 
lants,  well  packed,  the  expense  of  a  bed  at  the 
1  setting  is  not  far  from  {too  per  acre, 
and  the  longer  that  a  bed  can  be  made  profit- 
it  is  for  the  producer. 

lom  period  and  amount  of  fruit  from  2$  plants 
pon  the  same  bed  for  three  succeeding  seasons 
ith. 

period   and   yield   of   fruit  from   twenty-five 
-old  bed  : 

Dalp  of  Yield. 

Fir^i  Bloom.  Founds.  Oiioces. 


..MaySlst  18  13| 

.  Jiiue  1st  4  lit 

,  .HaySOlh  27  m 

.  ..JuneUt  5  101 

..Uoy  SOtb  33  14| 

..Mayaad  4  13) 

..Maj20lb  19  13 

..Majl4tb  88  8 
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MaySOlh 

June  8d 

MayiKd 

I June  6th 

...JnnoiJlh 

May  snih 

;...', Jnne  8th 

,..M»vaoib 

June  Ut 

M»y  Mth 

MD MajSlst 

HoaiJ May  20th 

Jttn«  8th 

utDsm May  2a<l 

I June  8th 

Ua JuneQth  - 

iHc June  let 

Ji)ne9th 

I May  20lh 

May  Blat 

MnjSOth 

'i.., June  Sth 

May  80th 

May81« 

June  lit 

*rly May  I6th 

riy May  Slat 

m .1 June  Sfh 

ilaad June  9ib 

M«y28ih 

Cbiet June  8ih 

>rl« June  M 

I May  81st 

May  33d 

Mayaeth 

June  Ut 

June  7lh 

em May  Slat 

Juoelst 

So.  1 MaySOih 

May28d 

May20lh 

Mayaad 

I  Prolific June  Sth 

igo MaySeih 

ID May  38d 

Ubany May  81st 

May  20th 
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THE  MONTANA  EXPERIMENT  STATION. 


In  addition  to  a  study  of  the  former  beds^  set  in  1895,  there  have 
been  set  41  new  varieties  to  be  made  a  part  of  the  experiment  work  of 
the  Station.  The  best  is  none  too  good  for  the  Montana  berry  gro  wer 
and  new  lists  from  reliable  growers  will  be  closely  scanned  for  such 
kinds  as  seem  to  possess  merit.  The  strawberry  of  all  fruits  is 
seldom  able  to  assert  its  individuality  irrespective  of  locality,  and  for 
this  reason  we  consider  it  highly  essential  to  extend  rigid  tests. 

The  following  is  the  list  of  names  and  number  of  each    variety   set 
spring  1898  : 


Variety.  No.  of  Plants. 

Anna  Kennedy 8 

Blonde 7    • 

Bismark  7 

Brunette 4 

Carrie 8 

Clyde 5 

Drought  King  P 7 

Evans 8 

Edith 9 

Gertrude 8 

Giant 5 

(jrardner * 6 

Glen  Mary 0 

Halls  Favorite 1 

Jersey  Market 11 

Jessie 8 

Kingsworth 4 

Lady  Thompson 6 

Lehigh 6 

Manwell  B 7 

Michigan  B 8 

Murray 10 


Variety.  No.  of  Plants. 

Marshall 9 

Morgan*s  Favorite 6 

Margaret 1 

NickOhmer, 5 

Ocean  City 6 

Patrick 7 

Ponderosa 5 

Ridgeway 7 

i    Ruby 8 

Saunders 0 

Sparta 6 

Sunrise 10 

Satisfaction 9 

Staples 9 

Sunnyside 6 

Seek  no  Further 8 

«tar ...7 

Tubbs 5 

W.M.Beit 8 

Woolverton 8 

Youngs  Early  Sunrise. .  .4 


By  reference  to  Bulletin  No.  16,  (4th  annual  report)  it  will  be 
noted  that  a  bed  of  Crescent  seedling  strawberry  plants  was  set  in  a 
triangle  to  determine  the  distance  that  should  separate  pistillate  and 
staminate  plants  to  secure  pollination.  Herewith  is  presented  a  chart 
showing  the  individual  plants  from  No.  i  to  76  inclusive,  together  with 
the  yield  of  fruits  in  ounces  and  fractions  of  each  plant  in  the  test : 
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MONTANA  EXPERIMENT  STATION. 

were  in  9  rows,  5  feet  apart,  and  the  pollenizing 
plendid,  Ivanhoe,  Bederwood,  Enhance  and  Brandy- 
<n  to  gaining  some  light  upon  this  proposition  it  was 
d  to  seek  light  upon  the  work  of  insects  in  pollenizing 
le  transference  of  pollen   from    staminate  to  pistillate 

test  plants  Nos.  5B.  59,  60,  63,  64  and  20,  21,  22,  23, 
e  covered  with  cheese  cloth  netting.  Strips  a  yard 
he  meshes  being  ,',  of  an  inch  in  diameter.  These 
;  the  rows  and  weighted  down  with  stones  on  ends 
ig  a  wind  squall  the  strips  covering  plants  ao  to  26 
)wn  up  at  one  side  so  as  to  expose  these  plants  to  in- 
t  noticed  until  two  days  later,  during  which  interim 
these  plants  were  fertilized  so  as  to  give  quite  a  fair 
ruit.  However,  the  strips  covering  plants  Nos.  58  to 
lined  in  place  and  not  a  berry  was  produced  thereon, 
aborted  berries,  but  very  imperfect,  not  such  as 
IS  edible.      This  fact,    taken   in   connection  with  the 

of  the  plants  throughout  the  test,  give  tangible  evi- 
ization  depends  quite  as  much  upon  the  work  of  in- 
movement  of  air,  and  the  transference  of  pollen  by 
esting  to  note  that  while  the  Crescent  is  the  best  type 
,  that  not  a  single  one  of  the  76  plants  set,  (except 
heese  cloth),  failed  to  mature  some  fruit,  although 
:s  were  from  20  to  27^   feet  distant  from  any  stami- 

t  is  needed  to  demonstrate  the  important  point  of 
1  in  a  new  bed  to  be  used  in  this  work  a  different  form 
ar  will  be  used  and  a  coarser  cloth  employed  to  ward 
ight  have  been  that  the  chese  cloth  meshes  were  too 
le  successful  sifting  or  straining  through  of  the  pollen 

the  chart  it  will  be  observed  that  much  the  heaviest 
in  the  near  vicinity  of  the  portions  of  rows  covered  by 
was  as  if  pollen  laden  insects  had  been  attracted  by 
g  of  cheese  cloth  and  had  traveled  over  it  to  sides  or 
o  get  entrance  to  the  protected  blooms  underneath 
plants  the  nearest  thereto,  If  it  be  true,  as  is  claim- 
Try  growers,  that  the  pistillate   plants  when  properly 
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fertilized,  are  much  the  best  yielders,  it  certainly  is  desirable  to  at- 
tempt the  solution  of  the  profitable  per  cent  of  staminates  to  be  set 
with  pistillates  to  secure  the  best  paying  results.  It  was  not  possible 
to  continue  observations  upon  the  difference  in  varieties  to  frost  resist- 
ance as.the  usual  white  frost  which  occurs  about  the  time  strawber- 
ries are  cleverly  in  bloom  did  not  occur  the  present  season.  This  is  an 
important  work  and  will  be  continued  as  opportunity  offers. 

S.  M.  Emery,  Horticulturist. 


FARMERS'  INSTITUTES, 

These  important  meetings  have  not  been  carried  on  during  the 
current  year  for  reasons  beyond  control. 

There  is  much  valuable  work  going  on  at  any  live  Station  which 
never  appears  in  bulletin  form  simply  because  there  are  financial  limi- 
tations to  the  publication  of  bulletins.  Such  can  be  better  given  to  in- 
terested farmers  by  word  of  mouth  than  in  any  other  form,  as  this  gives 
opportunity  for  full  and  free  discussion  of  methods  and'  progress.  It 
further  enables  the  Station  staff  to  gain  much  valuable  information 
from  the  farmers,  to  rightfully  estimate  the  capacity  and  adaptation  ot 
of  soils  to  specific  crops,  and  if  rightly  conducted  is  one  of  the  most 
available  educators.  When  existing  obstacles  are  overcome  the  staff 
of  the  Experiment  Station  is  at  the  service  of  the  farmers  of  Montana, 
subject  to  other  ofRcial  engagements  and  suitable  provision  for  actual 
travel  expenses  incurred  in  attendance  upon  such  meetings. 


PRESS  LIST. 


We  desire  to  express  our  sense  of  obligation  to  the  publishers  who 
have  sent  their  publications  to  the  Experiment  Station  in  exchange  for 
its  bulletins;  also  to  advise  that  the  members  of  the  Station  staff  take 
pleasure  in  contributing  to  the  press  upon  request  for  publication  upon 
subjects  in  line  with  their  Station  work.  The  columns  of  the  agricul- 
tural press  of  the  country  contain  much  valuable  matter  derived  from 
Station  work,  and  there  can  be  no  better  method  than  this  of  keeping 
the  public  advised  of  the  results  of  investigation  and  experiment. 
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Democrat- Hc8Nei>){(>r,  Missoula. 
lodepeudeut.   Helena. 
luter  MuDutaiu.   Batte. 
.    Hissunlinu.  Missonla, 
Staudard,  Auauouda. 
Amerjvau    AgrUtaUariat,    Kew    York 

City. 
Nortb^est  Agricnltnri8t,  Miuueapulis. 
AKricolCaral    Stndeut,    OoluinbDH,  O. 
BraederH'  GazotM,  Cbicago, 
Biftcbers'  Advocate,  New  York. 
Oattou   Plauters'    .lonrual,    Mumphis, 
DoTBet  Coarier.  WaRhiUKtua.  Pa. 
Dixie  Millpr,  NnnhviDe.  Teuu. 
ElKiD  Duir;  Beport.  BIriu.  lit. 
ParioeTii'  MagaziDe,    Spriugfield,    111. 
Farui  mid  Uiime,  Spriugfleld,  Mass. 
Field  Dud  yuru),  Deuver,  Cul. 
PDrm  News,  Spriugfield,  O. 
FarmerB'  Voic^e,  Gliiea^,  III. 
Farm,  Stfx^k  nud   Home.  Mluueapolio. 
FarmiuK.  Toronto.  Outario. 
FArmuis'  Gaide,  HnutiuEtou,  lud. 
Farmers'  Call,  Qaiaoy,  111. 
FnrmiuK  World,  Oliuton.  Iowa. 
FloriHts'  Review,  Chicago,  111. 
Gatdi^uiiig.  Chicago.  111. 
Gnrden  and  Field,  Adelaide,    Now 

bontli  Wales. 
GenMeiiieii  Farmer,   CbicaRu,  111. 
Greeu's  Froit  Grower,  Rochester,  N.Y. 
HomeHtoBd,  Des  Moines,  Iowa. 
How  to  Grow  Flowers.  Springfield.  O, 
Hoard's    Dnir.yiuau,    Fort     AtkiDRuu, 

Wis. 
Forester,  Philadelphia.  Pa.- 
Atnerican  PloriKt,  Chicago.  111. 
Farm  Juurual,  Philadelphia.  Pa. 
Farm  Stodcnls'  Review, St.  Anthony's 

Park.  Minn. 
Holsteiu  Re^iister,  Brattleboro,  Vt. 
Home  aud  Gardeu.  St.  Paul,  Miuu. 
Bome  Bod  Farm,  Iionisvtlle.  Ky. 
Horti<;ultural  Visitor.   KiuiiiDDdy,  111. 
Irrigation  Age,  Chicago,  111. 
ludastrinlist.  Maubattiiu,  Kan. 
Jentey  Bullctiu,  ludiiiuapidis,  Ind. 
Montana  Frnir  Grower.MisHoala.Moul. 
Northwest  Farmer,    St.   Piiol.    Miun. 
NebraHka  Farmer,  Omaha,  Neb. 
Rooky  Muuutain  finabandman,  White 

Salphiir  Springe,    Mont. 
National  Stoukmuu  aud  Farmer,  Pitts- 

Norrh  American  HorticDltnrist,    Mon- 
roe, Mich. 


Utah    Farm    and  Cbnrob, 

Citj,  D. 
Willares'  Farmer,  Des  Mo: 
Wiaconsiii  AgriwaltnriBt.  R; 
Wool  Reourd.  New  York. 
Western  Fruit  Grower.  St.; 
W.  Va.  Farm  Review,  Cha 

Va. 
Farm  and  Poultry,  Boatou, 
Up  t«  Date.  Indianapolis,  1 
Inter  Monntain  Ponllryniat 
lutet  Monutaiu  Poultry  Joi 

kane,    Wash. 
Hregoii  Ponltrr  .Tourual.  8« 
American  Pooltry  JonniaH 
Poultry  Keeper  Parkerabnri 
Poultry  Monthly,  Albany, 
American  Poultry  Joniual,( 
Ponllry  Caltnre,  Kaunas  Ci 
Pacific  Poiiltrjmau,  Tacomi 
PodUtv  Herald,  St.  Panl,M 
The  Feather.  Washington, 
Weekly  Snn,  Baltioiore,    M 
Republican,  Lake  City.  Mi 
Lumbermau,  Stillwater,  M 
Northwest  Magazine,   St.   P 
The  World,  Vancouver,  B. 
Avaut  Courier.  Bozemau. 
Belt  Valley  Timos,   Belt. 
Time-s  BilliugB. 
Pioneer.  Big  Timber. 
Obrouiule,    Bozemau. 
Opinion,  Chinook. 
College  Expoueot,  Bozemai 
Examiner.   Dillon. 
Tribune.   Dillon. 
NawM,  Great  Falls. 
Inter  iiulce,  Kaliupell. 
Independent,  Glandive. 
Post,  Livingstou. 
Enterprise.  Iiiviugston. 
Mining  World,  Butte, 
Jonrunl.  Milwaukee,  Wis. 
Madisouian,  Virginia  City. 
Northwest  Tribune,  Steveni 
Riverside.  Redwing,  Mina. 
Pipkef,  Red  liOdee. 
Sentinel,  Gebo,  Mont. 
Sentinel,  Bonlder. 
Stock  Growers'  Jourual.  M: 
Tribune  Review,  Butte. 
Tribune.  Great  Falln. 
Wexteru  News,  Hamilton. 
Yellowatoue  Journal,  Miles 
The  News,  Miles  City. 
Herald,  Neibart. 
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Orauge  Jndd  Farmer,    Chicago,  111.  Democrat,  Lewistowii. 

Prairie  Farmer,  Obioago,  III.  Murket  Gardon,    Miuueapolifl,    Miun. 

Park  and  Cemetery,  Chicago,  111.  Field  aud  Streira,  New  York  City, 

Rnral  New  Yorker,  New  York.  Strawberry  Specialist,  Kittrell,  N.  C. 

The  Farm  Home,  Springfield,  111.  Swiue  tireeder'H  Journal,  Liuooln.Neb. 

Agncoltaral  Epitomist,    ludiauapoliH,  The  National  Nnr^erymau,  Rochester, 

lud.  N.  Y. 

Roralist,  Federalsburg.  Md.  The  News,  Libby. 

Strawberry  Caltarist,    Salisbury,   Ind.  News  Letter,  Plains. 

Stockman  and  Farmer,  Helena,  Mont.  Oregon  Agriualturist,    Portland.  Ore. 

Success  with  Garden,  Keed  City,  Mich.  Northwest  Horticulturist,  Taeoma. 

BULLETINS. 

The  following  bulletins  have  been  issued  during  the  current  year  : 

Bulletin  No.  17 — **The  Grain  Aphis,  and  Army  Cut- Worm,"  iS 
pages,  illustrated,  by  Dr.  E.  V.  Wilcox. 

Bulletin  No.  18 — **The  Alkali  Soils  of  Montana/'  ^2  pages,  by  Dr. 
F.  W.  Traphagen. 

Bulletin  No.  19 — **The  Sugar  Beet  in  Montana,"  40 pages,  by  Dr. 
F.  W.  Traphagen. 

Bulletin  No.  20-  Fifth  Annual  Report  of  the  Montana  Experi- 
ment Station,  34  pages. 

These  are  all  issued  in  editions  of  6,000  copies,  and  when  the  reg- 
ular mail  lists  are  filled  there  are  less  than  200  extras  left  on  hand  to 
supply  future  demand.  Bulletins  Nos.  6  and  9  are  exhausted.  Full 
files,  with  the  exception  -of  these  numbers,  can  yet  be  supplied  upon 
demand  to  those  who  would  appreciate  the  same.  It  is  important  that 
bulletins  be  preserved  as  it  is  ncrw  practically  impossible  to  secure  full 
files  of  any  of  the  older  Experiment  Station  publications. 

Respectfiilly  submitted, 

S.  M.  Emery,  Director. 


PLAT  GRAINS— ROOT  AND  GRASS  PLATS. 

The  Station  is  carrying  on  its  usual  observations  in  these  leading 
farm  crops.  Ample  notes  are  taken  annually  of  the  behavior  of  the 
respective  varieties  and  these  will  eventually  be  tabulated  and  publish- 
ed in  evidence  of  what  we  consider,  all  things  being  considered,  as  the 
most  promising  for  general  cultivation. 

Each  year  additions  are  made  of  sorts  giving  unusual  promise,  as 
such  information  comes  to  us,  and  the  concensus  of  the  various  annual 
determinations  will  be  a  safe  guide  to  the  selection  of  those  of  promise. 
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In  estimating  as  to  the  rate  of  yield  per  acre  it  is 
cd  that  we  are  not  alone  endeavoring  to  decide  the  b( 
spect  to  quality  and  yield,  but  we  are  also  purifying 
This  is  done  by  scrupulously  removing  such  heads  o£ 
to  be  foreign  to  the  variety  in  question.  This  is  don 
of  the  stand  of  grain  and  consequently  detracts  fron^ 
proportion  that  admixture  is  found  to  exist.  Abnorr 
given  the  plats,  as  it  is  not  desired  to  give  them  undi 
and  above  common  farm  crops.  This  statement  si 
perhaps  to  the  extent  of  stating  that  the  plats  are  i 
and  foreign  growth,  also  that  the  rows  are  drilled  14 
a  three-foot  space  between  varieties.  This  gives  tl 
better  opportunity  to  stool  and  to  head.  The  pert 
outside  rows  prompts  the  opinion  that  on  clean  lant 
that  the  usual  distance  oi  drill  rows,  for  small  grain 
be  profitably  increased  to  16  to  18  inches;  less  seed  v 
quired  and  a  stronger  growth  of  grain  secured. 

Rotation  of  test  crops  is  practised  to  not  only  g: 
better  show,  but  to  gradually  extend  over  the  Stat 
culture  than  is  practical  in  general  farm  practise.  B 
acres  of  land  are  annually  used  in  plat  work,  and  w 
the  past  five  years  are  not  particularly  encouraging  a; 
tion  of  the  wild  oats  and  sunflowers,  our  worst  pests 
some  i'mprovemcnt  is  noted  along  these  lines. 

The  discouraging  feature  in  both  of  these  plant 
apparmtly  are  able  to  lie  in  the  ground  for  any  lengt 
injury  to  the  germ  of  the  same.  A  very  encouraging 
cultivation  is  the  interest  shown  by  the  farmets  of  ' 
the  work,  who  are  by  location  able  to  inspect  the  fii 
attendant  loss  of  time.  The  prominence  attaching  ti 
of  Gallatin  county  in  the  past  three  years  has  aroust 
our  farmers  in  the  study  of  the  different  barleys. 

In  1893  expert  chemists,  in  the  employ  of  the  Br 
of  Berlin,  visited  Gallatin  valley  and  made  an  exhau: 
plant,  the  berry  and  the  conditions  under  which 
Their  report  to  the  Association  was  supplemented  b 
of  this  Station,    containing    yields   and    chemical    a 
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grown  wheats,  oats  and  barleys,  together  with  private  reports  and  cir- 
culars of  the  Director  of  this  Station,  upon  the  subject  of  barley  pro- 
duction in  the  Gallatin  valley. 

The  final  report  of  the  Brewers*  Association  of  Berlin  was  issued 
in  1897,  in  German  text,  to  its  members.  In  a  quiet  sort  of  way  this 
report  had  been  anticipated  by  its  members,  and  new  barley  buyers 
were  upon  the  ground  in  '95  and  '96,  but  the  '97  report  seemed  to  so 
arouse  attention  to  the  crop  that  the  price  which  opened  at  75  cents 
per  100  lbs.  in  October,  and  at  which  rate  a  small  per  cent  of  the  crop 
changed  hands,  was  rapidly  carried  to  $1.00,  $1.10,  $1.15  and  $i.2q 
per  100  lbs.,  the  average  price  paid  perhaps  being  $1.10  per  100  lbs. 
This  price  netted  the  Gallatin  County  farmer  perhaps  double  the  price 
per  pound  that  was  paid  the  farmers  of  Minnesota  and  Wisconsin  for 
their  crops. 

Montana  barley  will  usually  grade  strictly  No.  i,  while  the  best 
grade  ever  sold  in  the  great  barley  markets  of  the  middle  west  is  No.  2, 
there  being  between  the  two  grades  a  legitimate  difference  of  about  30c 
per  100  pounds;  but  the  fact  becomes  more  astonishing  when  it  is 
stated  that  it  costs  42  cts.  per  100  lbs.  to  move  Gallatin  barley  as  far 
east  as  Duluth  and  that  the  difference  in  grade  alone  would  not  be  suf- 
ficient to  offset  this  difference  in  freight  into  12  cts.  per  100  lbs.,  and 
that  this  difference  was  lost  sight,  of  entirely  and  a  double  value  placed 
upon  Gallatin  valley  is  a  strong  tribute  to  the  inherent  value  of  our 
barley. 

It  is  a  safe  estimate  that  the  farmers  of  Gallatin  county  have  pro- 
fited financially  by  the  work  of  agricultural  experts  in  a  sum  of  money 
from  a  single  crop  adequate  to  support  the  Experiment  Station  for  ten 
years.  The  handsome  price  received  for  barley  has  not  turned  the 
heads  of  our  farmers  nor  caused  them  to  engage  recklessly  in  barley 
culture.  To  the  contrary,  they  are  preserving  a  wholesome  equilib- 
rium between  the  three  leading  cereals — wheat,  oats  and  barley. 

Many  are  increasing  the  borders  of  their  meadows,  especially  of 
the  legumes. 

ROTATION  TESTS. 
Very  encouraging  results  were  obtained   on   this   the   first  year  of 
the  six-acre  six-year  rotation  tests.     It  will  be  noted  by  referring  to  the 
Fourth  annual  report,  that  the  land  selected   for   this   experiment  was 
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n  1896,  producing  an  average  crop  of  20  bushels 
:  land  in  question  is  good  average  land  asJandsgo 
i  result  of  poor  farming  had  left  its  stamp  upon 
tion  and  inferior  crop  production, 
is  the  first  attempt  in  the  United  States  to  place 
upon  the  actual  basis  of  field  conditions,  except, 
>ains  are  taken  in  the  preparation  of  the  soil,  in 
and  the  various  operations  involved  in  seeding 
actual  measured  acre  of  land  was  included  in  each 
ese  was  left  a  strip  three  feet  wide  as  a  division 
to  locate  the  irrigation  ditches  between  the  plats, 
spring  plowed  and  were  reduced  with  spring  tooth 
1  a  perfect  state  of  tilth.  Following  this  was  used 
ought  to  be  in  use  upon  every  farm  in  the  United 
;r.  The  one  in  question  was  manufactured  and 
Robinson  of  Bozeman,  a  practical  farmer  of  many 
briefly  described,  it  has  a  platform  8x14  feet  sup- 
iron  wheels  two  feet  in  diameter.  These  are  lo- 
the  forward  fore  corners  of  the  platform  and  the 
d  at  the  rear  of  the  platform,  the  hind  wheel  hav- 
lermttting  it  to  swing  to  either  side  in  turning  the 

es  are  used  to  drrw  the  leveler,  the  driver  riding  on 
;  rear  part  of  the  leveler.  Hung  by  springs  and 
;  a  cutting  blade  t2  feet  by  6  inches,  -steel  shod, 
and  lowered  at  the  will  of   the  driver,    and  when 

angle  and  in  place,  planes  off  all  inequalities  in  the 
thus  cut  in  front  of  the  cutting  blade  or  planer, 
er  level  is  reached,  and  upon  this  the  excess  soil 
ed  ahead  of  the  blade,  is  deposited  and  other  un- 
fit. 

he  leveler  is  35  acres  per  day  upon  lands  that  are 
or  example:  lands  which  were  originally  fairly 
dicious  laying  off  for  plowing  have  accumulated 
/s,  etc.     In  lands  that   have   been   irrigated  it  is 

the  banks  of  old  ditches  to  grade,  and    in   filling 

■  employed  annually,  and  it  stands  to  reason  that 
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if  the  surface  of  the  field  be  brought  year  by  year  to  a  true  plane  that 
eventually  fields  thus  manipulated  will  be  in  very  much  better  condi- 
tion for  farming. 

In  irrigable  lands  many  employ  a  crude  home-made  leveler,  con- 
structed of  poles  or  logs,  or  a  better  style  is  made  of  3-inch  plank  of 
suitable  length  spiked  together  with  edges  overlapping.  These  are  all 
useful  for  clod  crushing  and  soil  pulverization,  but  their  value  in  bring- 
ing rough  lands  to  grade  is  extremely  lim*ited.  In  applying  water  more 
time  is  lost  by  the  faithful  irrigator  in  conducting  water  onto  the  knolls 
and  high  places  which  are  to  be  found  in  any  field  under  common  cul- 
tivation, than  he  employs  to  irrigate  the  favorably  lying  areas.  Equal 
distribution  of  water  upon  grain  fields  is  most  important  because  there 
is  an  uneven  ripening  of  grain  receiving  in  its  different  parts  an  un- 
even application  of  water — that  which  is  most  thoroughly  irrigated  be- 
ing the  last  to  ripen  and  vice  versa. 

Fields  that  are  thus  spotted  do  not  yield  as  they  do  when  they 
ripen  evenly,  for  if  we  wait  to  harvest  until  all  sorts  are  ripe  there  is 
loss  from  shelling  of  grain  upon  the  lands  which  are  first  to  ripen. 
Again,  should  the  field  be  cut  before  the  perfect  ripening  of  the  whole 
has  been  accomplished,  there  is  a  shrinkage  of  the  kernels  in  the  un- 
ripe portions  and  a  consequent  lowering  of  grade.  So  that  under  irri- 
gation it  is  especially  to  be  desired  that  all  parts  of  the  field  be  so  me- 
chanically prepared  that  .water  may  be  impartially  distributed  over  the 
entire  area. 

Again,  in  sections  where  irrigation  is  not  practiced,  in  the  humid 
sections  of  the  Union,  it  is  obviousjy  harder  to  control  the  water  sup- 
ply under  natural  conditions.  It  is  but  seldom  that  the  exact  amount 
of  rainfall  is  precipitated  at  the  exact  times  to  effect  the  most  good  to 
the  growing  plants.  At  such  times  either  of  a  surplusage  or  a  shortage 
of  water,  the  high  lying  points  and  the  depressions  present  in  every 
old  field,  no  matter  where  situated,  receive  too  great  or  too  small  a 
supply  of  moisture,  the  results  being  about  the  same  in  diminishing 
yields;  so  that  no  matter  whether  one  irrigates  or  depends  upon  na-: 
tural  rainfall  the  grading  up  of  the  soil  to  the  uniform  natural  plane  is 
to  be  desired. 

The  wear  and  tear  of  machinery  is  also  much  conserved  by  having 
comparatively  level  fields  upon  which  to  operate. 
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The  respective  yields  of  the  acre  plats  were  as  follows  : 

Total  weight,  straw  and  seed  peas 8.085  pounds 

Canada  field  peas 29^  bushels 

Barley,  Chevalier,  tworowed 48  31-48  bushels 

Sugar  beets 27,280  pounds 

Lincoln  oats .55  10-16  bushels 

Red  clover,  sun-cured,  dry 1,957  pounds 

Spring  club  wheat 40  57-60  bushels 

These  are  not  abnormally*  good  yields  for  Gallatin  County  but  are 
good,  fair  crops,  and  if  our  theory  be  correct  that  to  maintain  natural 
soil  fertility,  rotation  rather  than  summer  falfowing  should  be  prac- 
ticed, it  will  work  a  radical  change  in  Gallatin  County  farming,  first  in 
the  increase  of  lands  under  cultivation  (this  on  the  assumption  that 
lands  previously  summer  fallowed  will  be  cropped  under  rotation:) 
second  in  the  character  of  farm  crops  produced  on  Gallatin  Valley 
farms.  The  first  proposition  implies  more  help,  more  teams,  more 
machinery,  more  business  in  fact  for  the  community  at  large.  The 
second,  that  there  will  be  crops  from  a  third  to  a  half  more  in  extent 
to  defray  the  attendant  expense  of  the  increased  area  under  cultivation. 
A  farther  incontrovertible  proposition  will  be  that  there  will  be  a 
smaller  per  cent  of  taxation  against  cultivated  lands,  as  idle  lands  are 
not  known  to  the  tax-gatherer. 

In  these  yields  one  crop  deserves  passing  attention,  namely,  the 
acre  of  red  clover.  This  acre  was  sown  in  May  and  was  harvested  in 
the  latter  part  of  August.  In  the  month  of  July,  without  the  knowl- 
edge of  the  Director,  the  mower  was  run  over  it  to  cut  off  sunflower 
plants  that  were  beginning  to  seed.  In  this  operation  a  considerable 
per  cent  of  the  clover  was  cut  and  lost,  but,  spite  of  this,  the  fact  that 
upon  an  acre  of  land,  within  lOo  days  from  seeding,  that  1,957  pounds 
(practically  a  ton)  of  well  cured  hay  was  harvested,  speaks  volumes 
for  the  adaptation  of  Gallatin  soil  to  the  clover  plant. 

This  100-day  crop  will  compare  quite  favorably  with  the  clover 
meadows  of  years'  standing  throughout  the  Union,  and  knowing  that 
root  development  of  the  clover  is  co-equal  with  that  of  the  top,  we  find 
in  the  remarkable  vigor  of  this  plant  a  splendid  quality  to  employ  in 
restoring  nitrogen  to  impoverished  lands.  If  our  farmers,  pending  the 
time  when  they  could  develop  ways  and  means  to  farm  all  of  their  lands 
under  a  judicious  system  of  crop  rotation,  were  to  sow  red  clover  upon 
10,  20  or  40  acres,  as  the  case  might  be,  in  the  early   spring,  run    live 
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stock  thereon  after  the  middle  of  the  summer,  and  fall  plow  in  goo 
season,  they  would  reap  the  following  season  banner  crops  therefron 
such  as  would  surprise  by  their  magnitude,  even  a  Gallatin  Count 
farmer. 

In  addition  to  enormous  grain  production  the  value  of  the  gree 
food  to  their  live  stock,  especially  dairy  cows,  would  be  sufficient  t 
warrant  all  added  expense  in  connection  with  the  work. 

We  very  much  hope  to  see  this  experiment  tried  by  some  of  oi 
progressive  farmers  in  the  near  future. 

STATION  FARM  CROPS. 
The  following  are  the  per  acre  yields  upon    the   Station   farm  fi 
1897: 

Barlej .'lOS-H)  bushels 

Wheat,  npriufc  dub Sll  C-13  biishnlR 

Oats 48  4-18  biiBhels 

Peas 30  hiiahels 

GALLATIN  COUNTY  FARM  CROPS— 1897. 
The  following  are  the  average  yields  upon  Gallatin    County  farn 
for  1897  : 

Bnrley 47  bushels 

Spring  wheat ST]  bushels 

Winter  wheat 38  3-5  bnnhels 

Oats f>7i  bushels 

Peas 14  biiRhch 

These  yields  are  again  presented  in  convenient  form  for  compa 
ison,  as  has  been  our  custom  so  that  our  readers  (farmers  cspeciall 
may  have  opportunity  to  compare  results  between  open  annual  farmii 
and  summeriallow  farming.  With  the  one  exception  of  oats.the  Statii 
crop  yields  are  a  considerable  per  cent  the  better,  as  follows  : 

In  the  case  of  barley 3  3-1!)  bushels 

In  the  case  of  spring  wheat .'. .  .1  H~-!ii  bushels 

In  the  case  of  peas 10  bushels 

While  in  oats  the  county  yield  is  8||  bushels  per  acre  bett 
than  the  Station  farm  yield.  We  think  this  is  a  favorable  comparisc 
and  a  good  argument  against  summer  fallowing.  In  the  case  of  t1 
yield  of  oats  it  is  but  fair  to  state  that  we  have  a  few  acres  of  ve 
poor  land,  light  and  gravelly,  and  it  has  been  our  custom  to  sow  oa 
thereon.     We  cannot,  of  course,  expect  normal  yields  under  such  c 
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d  it  is  but  fair  to  the  annual  cropping  system  to  bear 
We  continue  to  use  pea  land  (  i.  e.,  land  on  which  peas 
lus  year,)  for  barley  ground.  We  attribute  to  this  the 
:r  barley-  crops  that  are  grown  on  these  grounds  than 
ity  at  large.  The  effects  of  the  nitrogen.in  the  soil  placed 
Id  pea  crops  is  manifest  almost  as  soon  as  the  crop  is 
id  in  the  spring. 

lably  the  plant  is  of  ur.usual  vigor  and  so  marked  is  this 
we  are  able  uniformly  to  irrigate  from  len  days  to  two 
our  neighbors  who  are  mainly  producing  barley  upon 
land.  This  is  a  notable  difference  and  is  worth  much 
IS  an  inadequate  supply  of  water,  as  the  difference  in  the 

I  mountain  streams  in  ten  days  is  often  from  one-fourth 
as  the  season  of  irrigating  progresses.'  Nor  does  the  bar- 
a  land  seem  to  fall  down  and  lodgt  as  it  does  on  summer 
The  straw  is  stiff  and  strong  and  yet  not  so  abnormally 
'  with  its  weight  an  element  of  weakness.  The  heads 
eem  to  be  of  good  length  with  plump,  heavy  kernels, 
ick  feeding  in  Montana  valleys  is  rapidly  assuming 
IS.      Five  hundred  thousand  head  of  sheep  are  being  fed 

eastern  markets  and  there  is  no  good  reason  why  quite 
not  be  profitably  fed  in  Montana. 

I'stone  valley  is  at  present  the  greatest  field  of  sheep 
in  Montana.  The  leading  article  of  food  there  used  in 
ceding  is  alfalfa  and  splendid  results  are  being  experi- 
n  valley  in  some  ways  has  superior  advantages  to  other 
igher,  cold  weather  is  more  uniform  (it  is  a  well  known 
md  sheep  feed  to  better  advantage  in  cold  than  in  mild 
lite  as  many  tons  of  clover  may  be  here  grown  as  can  be 
here  from  alfalfa  meadows.  A  few  years'  winter  feeding 
•p  upon  Gallatin  farms  would  change  not  only  the  char- 
is  but  that  of  the  bank  accounts  of  the  farmers  as  well. 
profitably  done  until    provision  is  made  for  the  for- 

II  be  encompassed  when  the  idle  summer  fallow  lands  are 
lush  rank  growth  of  clover  and  alsike. 

ding  of  cattle  and  sheep  wj/j/ rowe /»  and  summrr/a/- 
jefore  the  full  measure  of  profit  from  Montana  farms 
;he  owners.  S.   M.   E.mkrv,  Director. 
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Botanist  Report  No.  1, 


6".  M.  Emery,  Director,  Montana  Experiment  Station  : 

Dear  Sir — The  work  of  the  Botanist  has   been   greatly  hampered 
by  the  lack  of  suitable  quarters  for  work.     This  lack  appears    in  a  fair    ^ 
way  to  be  supplied  when  the  alterations   in    the   rooms  at  the  Exp^ri-    jj 
ment  Station  building  are  finished. 

The  available  time  of  the  Botanist  has  been  taken  up  largely  with 
herbarium  work,  as  it  was  felt  that  the  proper  ordering  of  the  herbar* 
ium  was  a  necessary  foundation  for  future  work.  The  chaos  of  un- 
named collections  has  been  reduced  to  a  system  and  the  plants  have 
been  determined  as  far  as  possible.  The  collection  of  Montaaia  flow- 
ering  plants  is  now  being  compared  with  the  standard  herbarium  of 
Columbia  University  by  Dr.  P.  A.  Rydberg,  of  New  York  City.  This 
will  place  the  collection  in  an  authoritative  position  and  greatly  facili- 
'  tate  future  work. 

A  preliminary  study  has  been  made,  in  conjunction  with  Dr.  Wil- 
cox, of  the  freezing  of  fruit  trees,    with   especial    reference  to  the  time 
when  the  injuries  take  place.     Some  clear   evidence   has   been  gained 
on  this  question,  and  it  is  proposed  to  use   these   results  as  a  guide  to' 
more  exact  work  next  year. 

A  beginning  has  been  made  in  the  field  observation,  collection  and 
microscopic  study  of  parasitic  fungi,  causing  plant  diseases,  the  inten- 
tion being  to  make  as  complete  a  study  of  the  plant  diseases  prevalent 
in  Montana  as  possible,  both  from  a  scientific  standpoint  and  in  the 
case  of  pests  infesting  economic  plants  with  a  view  to  remedial 
measures. 

Experiments  on  the  killing  of  strawberries  by  frost,  and  on  the  self 
sterility  of  varieties  of  strawberries  are  in  preparation  for  this  spring. 

Respectfully, 

H.  S.  Jennings,  Botanist. 

Botanist  Report  No.  2. 

Bozeman,  Montana,  Nov.  24,  1897. 
Since  my  appointment  to  the  Chair  of  Botany  in  the  Agricultural 
College  in  September  of  the  present    year,    my   work  for  the  Experi- 
.  ment  Station  has  been  along  two  lines. 

/ 
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1.  An  investigation  of  the  winter-killing  of  fruit  trees,  with  espec- 
ial reference  to  the  time  when  the  injuries  take  place.  The  question  for 
determination  is,  whether  the  occasional  killing  of  fruit  trees  by  the  Mon- 
tana winters  is  an  effect  of  the  first  frosts  when  the  trees  are  still  grow- 
ing and  unprepared  for  a  freeze,  or  whether  the  injuries  are  due  to  the 
intense  cold  in  the  dead  of  winter,  or  some  third  alternative.  A  sec- 
ond object  of  the  investigation  is  to  determine  the  exact  nature  of  the 
injuries  produced,  the  ultimate  aim  being,  of  course,  the  discovery  of 
some  protective  measures.  With  these  questions  in  view  the  investi- 
gation takes  the  following  form  : 

An  examination  of  the  histological  structure  of  the  wood  before 
and  after  such  periods  of  cold  as  seem  sufficient  to  injure  the  fruit 
trees,  to  determine  the  nature  and  extent  of  the  injuries  caused.  This 
examination  has  been  carried  to  a  certain  extent  tor  several  varieties, 
both  thpse  which  have  shown  themselves  hardy  and  those  which  have 
riot,  being  included,  with  the  result  of  showing  that  in  certain  varieties 
the  early  frosts,  coming  when  the  trees  are  growing,  causes  severe 
lesions  in  the  green  living  parts.  In  some  cases  these  lesions  are  so 
extensive  that  it  appears  probable  that  they  must  result  in  permanent  • 
'  injuries  to  the  trees.  Nevertheless  it  is  well  known  that  many  trees 
show  a  remarkable  power  of  recovery  from  such  lesions,  so  that  posi- 
tive conclusions  can  be  drawn  from  these  observations  only  in  connec- 
tion with  the  observed  condition  and  growth  of  the  trees  in  the  follow- 
ing spring. 

Therefore,  a  second  part  of  the  investigation  consists  in  careful 
observation  of  the  later  growth  and  health  of  the  trees  studied,  as  well 
as  a  record  of  the  gross  appearance  and  symptoms  of  injury  during  the 
winter.  To  put  the  investigation  on  a  thoroughly  experimental  basis 
trees  must  be  taken  up  and  protected  after  the  early  frosts  and  their 
condition  compared  with  that  of  trees  subjected  to  the  severest  coldof 
winter.     This  has  been  done. 

Suggested  protective  measures  to  be  tested  also,  but  probably 
little  can  be  done  in  this  line  until  the  time  and  the  precise  nature  of 
the  injuries  caused  are  ascertained.  Stripping  the  leaves  from  the 
trees  in  the  early  fall  has  been  tried  in  a  number  of  cases,  the  results 
to  be  noted  in  the  spring. 

2.  The  other  line  of  work,  to  which  I  have  devoted  most  of  my 
time  when  free  from  College  duties,  is   that  in    the  herbarium.     This 
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)solutely  chaotic  condition.  Large  collections  of  plants  haVe 
td  in  the  past  few  years,  but  entirely  undetermined,  and  often 
le  localities  or  collectors  named.  To  determine  and  arrange 
Its  in  such  a  way  as  to  make  ihem  of  value  for  reference  will 
very  large  amount  of  time  and  labor.  Besides  the  plants  be- 
i  the  College  or  Station,  large  collections  have  been  sent  in 
iication,  some  of  them  as  much  as  two  years  ago,  remaining 
termined.  These  consist  in  some  cases  of  rare  plants  unrep- 
imong  the  comparatively  few  already  identified  in  our  herbar- 
m  attempting  to  determine  such  collections  and  get  them  off 
.  as  soon  as  possible,  but  in  view  of  the  present  state  of  the 
1  and  the  incompleteness  with  which  the  Montana  Flora  has 
ied,  this  is  also  a  matter  requiring  much  time. 
Respectfully, 

H.  S.  Jennings,  Station  Botanist. 


Report  of  Biologist. 

ologist  to  the  Station  I  would  beg  to  submit  the  following  re- 
he  year  ending  June  30,  1898  : 

[)g  the  season  notes  have  been  made  on  the  important  bee 
ailable  for  bee  culture  in  the  state.  These  notes  are  to  be 
p  in  bulletin  form  in  the  near  future.  It  has  been  found  that 
n  abundance  of  excellent  bee-plants  throughout  the  greater 
e  state. 

xperiment  was  carried  out  on  the  prevention  of  potato-scab. 
Gypsum,  corrosive-sublimate  and  formalin  were  tried.  The 
dicated  the  decided  superiority  of  the  formalin  treatment. 
le  suggestion  of  the  Director  we  began  an  investigation  of  the 
.he  bleeding  of  cottonwood  trees.  It  was  found  that  by  wash* 
Gunds  on  such  trees  with  a  rather  strong  solution  of  carbolic 
jleeding  could  be  stopped.  The  hypothesis  upon  which  we 
ng  is  that  the  sap  of  these  trees  is  lacking  in  the  antiseptic 
;s  which  enable  wounds  on  many  other  species  of  trees  to  heal 

life  history  of  the  grain-aphis  was  followed  from  summer 
he  winter  until  spring.     The  grain-aphis  was   found  to  hiber- 
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nate  on  the  roots  of  fall  wheat.  Some  of  the  enemies  of  the  aphis  were 
noticed  hibernating  in  the  same  situation.  The  results'  of  this  ^tudy 
has  been  prepared  for  publication  as  a  bulletin. 

The  formalin  treatment  was  tried  for  the  prevention  of  oat-smut. 
The  results  will  be  made  known  later. 

We  made  a  trip  to  Missoula  and  the  Bitter  Root  to  investigate  an 
outbreak  of  an  army  cut-worm.  Two  methods  of  preventing  its  ravages 
were  tried  with  good  success,  one  consisting  in  the  use  of  poisoned 
bait,  and  the  other  being  the  use  of  water  in  irrigation  ditches.  This 
matter  is  being  prepared  in  bulletin  form. 

An  outbreak  of  grasshoppers  in  Plains  valley  was  investigated  and 
the  method  of  burning  the  young  grasshoppers  under  straw  was  tried 
with  good  results. 

Besides  the  Bulletin  on  * 'Larkspur  Poisoning  of  Sheep,"  we  have 
published  several  papers  on  entomology  and  related  subjects. 

Respectfully  submitted, 

E.  V.  Wilcox,  Biologist. 


Report  of  Chemist. 


Bozeman,  Montana,  June  30,  1898. 
Mr.  S.  M.  Emery,  Director  Montana  Experiment  Station: 

Dear  Sir — I  herewith  submit  my  report  for  the  past  year:  There 
has  been  a  much  more  general  co-operation  on  the  part  of  the  farmers 
in  the  sugar  beet  work  than  in  preceding  years,  and  as  a  result  of  this 
we  are  able  to  report  on  several  localities  from  which  previously  no 
samples  have  been  sent. 

The  results  of  previous  years  have  been  supported  by  this  year's 
work  and  serve  to  emphasize  the  fact  that  Montana  can  produce  sugar 
beets  of  high  grade  and  purity. 

The  general  average  of  the  beets  grown  on  the  Experiment  Sta- 
tion farm  was  i7yV  P^^  cent,  sucrose  in  the  juice,  with  a  purity  coeffi- 
cient of  81  ^^  percent.  A  sample  taken  from  the  Farm  as  early  as 
August  21  contained  19^0^  per  cent,  of  sugar  in  juice,  and  had  a  purity 
of  82.8  per  cent.  These  samples  were  small,  however,  averaging  at 
this  time  only  ']^^  ounces. 
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The  results  from  localities  were  as  follows  : 
Susur  in  Juice, 
Localiif.  Per  ceut. 

(ialialin  Valley 14.4 

LtvJDgslon 14,5 

KHlispell 14,1 

MiMoula 13,8 

A  recent  summary  of  results  in  various  other  sta 
lowing  averages  of  sugar  in  the  beet  and  of  purity ; 
SuKHr  in  Juice, 
tilale,  Pi!r  ct^nt. 

Inrtinna 13  3 

MichiKa,!!   18,3 

WispotiBin 11.8 

HinaeBota. , 14.3 

MiMouri 10,0 

KanHax        10.0 

Nebraska 13  B 

Wyoming 16  a 

Orefton 13.3 

WaahiDiftoQ 15.3 

Arizona 1 1 .8 

A  comparison  of  these  figures  with  the  results 
tests  are  certainly  very  favorable  to  the  latter. 

The  work  on  the  determination  of  starch  carried  ' 
tory  in  conjunction  with  other  chemists  has  resultet 
provementsin  the  analytical  methods  applied  to  the 
the  starches,  sugar  and  their  allies,  and  we  have  selt 
experiments  a  method  which  we  think  will  give  much 
results  than  those  previously  in  use. 

The  analysis  of  irrigation  waters  was  interfere! 
pected  conditions  arising  in  connection  with  the  colU 
It  is  hoped  we  will  be  able  to  continue  this  work  th 
without  interruption. 

Much  time  was  spent  in  moving  into  our  new  laboi 
ing  apparatus  and  material  in  permanent  position.  ' 
very  commodious  and  convenient  and  will  increase 
analytical  work  greatly. 

Now  that  we  are  in  permanent  quarters,  the  worl 
saline  solution  upon  plant  life  can  continue. 

While  attending  Farmers'  Institute,  and  since, 
opportunity  to  observe  the  serious  effects  of  alkali  ii 
of  the  State,  and  have  entered  into  a  study  of  its  e: 
treatment. 
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much  more  widely  spread  than  was  thought,  but  its 
e  noticed  in  only  a  few  place-^.  A  bulletin  will  be 
tion  after    the  analysis   of    next    season's    samples  is 

lount  of  miscellaneous  work  has  been  done. 

re  of  Mr.  Cobleij^h's  time  has    been     devoted    to   the 

riment  Station  laboratory  until  now  he    gives    almost 

ing  nearly    all     the     analytical    work, 

volume  and  variety. 
Your?  Truly,  F.  W.  Tku-uuiem.   Cliemist. 

Report  of  Agriculturist. 

Dire-tor: 

Limit  the  following  report  of  the  wcrk  in  the  Agricul- 

n  Engineering  departments  ; 

[  1897  was  unusually  favorable  to  vegetation    and  the 

infrom  all  crops  were  large.      The   following    experi- 

icted  during  the  past  season  : 

i  of  grain  to  determine  the  amount  of  seed  to  sow    to 

returns. 

of  grains,  peas,  grasses  and  potatoes. 

[  grain  sown  to  purify  and  improve  seed. 

n — A  six  years'  rotation  consisting  of   wheat,    clover, 

.  and  peas. 

experiments. 

The  swine  have  been  subjected  to  experiment    to  de- 

if  raising  swine  in  Montana. 

:olonies  of  Italian  bees  were    purchased   by    the  Sta- 

irived.      One  of  the  colonies    cast  a  swarm,    thus  in- 

ies  to  three  :     losji    pounds  of  surplus   honey   was 

an  excellent  result. 

The  amount  of  water  applied  to  various  crops  on    the 

ietermined  by  means  of  weirs    and    water-registering 

s  crop  yield  was  noted  to  give  an  additional    index  of 

ation  and    amount     of    water    necessary    to  produce 

iken  on  the  various  irrigation  tools  and  appliances 
tor  and  the  methods  used  by  the  farmer  in  the  appli- 
crops. 

nent  of  various    rivers    of    Montana    was    conducted 
Respectfully  submitted, 

Frank  Bkach, 
Agricidturist  and  Irrigation  Enfjineer. 
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BaHetta  No.  21. 


Sheep  Feeding. 


RoBT,  S.  Shaw 


la  Dec.  i8g8,  a  number  of  lambs  were  purchased  by  the  Montana 
Experiment  Station  to  be  used  in  making  feeding  tests,  the  objects  of 
which  were  as  follows  :  (i)  To  determine  the  possibility  of  success- 
fully finishing  lambs  in  Montana  with  the  foods  here  produced  and 
under  the  conditions  now  prevailing.  (2)  To  ascertain  the  amount  of 
■  ■  food  required  and  the  cost  of  increase  under  such  conditions.      (3)  To 

make  careful  comparison  of  the  relative  feeding  values  of  the  three  leg- 
umes— alfalfa,  red  clover  and  alsike^as  fattening  foods.     (4)  To  learn 
something  as  regards  the  actual  waste  and  the  economic  disposal  of  the 
I  same. 

I     '  Though  large  numbers  of  lambs  are  annually  produced  in  Montana 

I  only  a  very  small  percentage    are    prepared    for    slaughter,   not  even  a 

j  sufficiency  to  supply  the  local  demand,  and   in    fact   net  until  recently 

has  the  flockmaster's  attention  been  directed  toward  breeding  for  im- 
proved mutton  qualities,  a  factor  which  can  no  longer  be  neglected, 
for  though  wool  production  alone  was  the  primary  object  at  one  time 
changed  conditions  require  a  suitable  combination  of  the  capabilities  to 
produce  both  wool  and  meat.  This  is  necessary  because  of  the  demand 
in  other  places  lor  our  lambs  for  feeding  purposes,    and  because  th 
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nust  ere  long  profit  by  engaging  in  such  operations. 
loads  of  lambs  are  annually  shipped  out  of  this  state 
ondition  to  be  fattened  by  eastern  farmers  and  others 
ket  them  in  the  finished  condition  at  good  profit  but 
ship  the  dressed  article  back  to  be  consumed  on 
If  this  can  be  done  al/  a  profit  then  why  cannot  the 
ap  a  handsome  profit  by  supplying  this  demand  di- 
ttention  to  this  fact  is  one  chief  object  of  our  work. 
1  of  course  be  raised  that  the  flockmaster  could  not 
der  than  would  be  required  simply  for  the  maintenance 
ing  flocks,  and  that  the  use  of  grain  would  be  entirely 
n.  And  though  such  may  be  the  case  yet  thereaare 
tably  located  for  so  doing.  We  speak  of  the  farmers 
illeys  who  are  engaged  entirely  in  the  production  of 
Those  so  engaged  would  find  in  winter  sheep  feeding 
jymeot  of  time  during  the  winter  months  and  an  eco- 
sposing  of  coarse  grain  products  and  in  such  a  way  as 
:rtility  of  the  farm.  There  is  found  on  every  farm,  in 
ison,  quantities  of  unmarketable  grain,  it  may  be 
I  which  has  in  some  way  been  damaged,  and  this  can- 
zed  than  in  fattening  sheep.  Foul  seeds  of  screenings 
the  process  ot  mastication  and  digestion  as  with  other 
ih  to  call  attention  to  the  fact  that  with  the  means 
only  comparatively  small  quantities  of  grain  would  be 
imes   (clovers)  forming  such  an  excellent  fattening 

use  of  legumes  in  feeding  would  not  only  mean  the 
great  industry,  for  Montana's  valleys  cover  an  enor- 
s  exceedingly  fertile  and  productive  of  legumes  to  a 
,  but  the  increased  use  oi  these  in  the  rotation  with 
!  oats  would  mean  an  increase,  of  fertility  in  a  form 
he  lands  of  our  irrigated  region.  Fertilizers  would  be 
id  rendered  available  for  succeeding  crops  in  a  man- 
other  methods,  and  most  sure  for  while  the  greater 
itinent  is  this  season  lamenting  the  total  destruction 
<  through  the  severity  of  the  past  winter,  still  Mon- 
rejoicing  in  the  prospect   of  an   abundance  of  alfalfa 
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scause  of  the  great  possibilities  for  mutton  production  the  objec- 
ight  be  urged  that  the  local  demand  would  not  long  be  able  to 
le  the  product,  and  such  would  certainly  be  the  case.  This 
ty  could  be  easily  overcome  by  shipping  to  eastern  markets  after 
ig  as  well  as  before.  True  there  would  be  a  greater  weight  and 
ed  cost  of  transportation,  but  then  there  would  be  a  greater  re- 
»:ause  of  the  increased  weight  and  finished  condition.  Gallatin 
llone  is  capable  of  finishing  hundreds  of  thousands  of  lambs 
inter  and  of  producing  a  quality  of  mutton  unexcelled  by  the  use 
fa,  clover,  alsike,  oats  and  peas. 

a  systematic  method  of  feeding  is  carefully  followed  mnch  less 
actually  required  for  a  given  gain  than  is  generally  anticipated, 
mous  losses  are  often  incurred  from  injudicious  feeding.  A 
study  of  the  actual  amoimt  of  food  necessary  to  produce  a  given 
las  been  made,  and  the  results  given  are  the  outcome  of  the 
atiiral  conditions,  such  as  those  under  which  the  average  farmer 
rryon  similar  operations. 

le  three  legumes — alfalfa,  red  clover  and  alsike — were  tested 
spect  to  their  relative  merits  as  fattening  factors,  and  our  most 
attention  has  been  given  to  this  part  of  the  work  as  all  three, 
rticularly  the  first  two,  are  fast  coming  into  general  use.  Alfalfa 
.dy  one  of  the  greatest  forage  and  fodder  plants  in  the  arid  west, 
'n  in  large  area,  producing  enormous  yields  from  its  two,  three 
entimes  four  cuttings  each  season,  while  its  tenacity  and  long- 
re  qualities  of  importance.  The  red  clover  area  is  constantly  in- 
g  with  its  popularity  and  usefulness,  having  as  yet  merely 
through  the  CKperimental  stage.  Being  less  permanent  than 
and  more  quickly  brought  to  maturity  it  fits  perfectly  into  the 
[rower's  rotation,  and  is  proving  a  remarkable  ability  to  establish 
uickly  and  produce  two  enormous  crops  each  year.  Alfalfa  has 
irite  locations  in  Montana,  and  so  has  red  clover,  while  in  some 
es  both  flourish  equally  well.  Alsike  has  proved  to  be  of  more 
ancc  as  a  sheep  food  than  is  generally  supposed.  It  cannot, 
ir,  enter  into  competition  with  the  other  two  as  regards  produc- 
s,  but  excells  in  the  possession  of  those  qualities  which  render 
>cially  valuable  factor  in  sheep  feeding.  We  do  not  believe  it 
be  brought  into  competition  with  alfalfa  or  clover  where  these 
well.      But  we  have  in  mind  some    tracts    upon    which    alsike  is 
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flourishing  where  the  other  two  Ijave  failed.  In  combination  with  red 
cloveifwe  have  found  produced  a  food  excelhng  that  produced  from  the 
clover  alone,  being  finer  and  more  edible  and  nutritious. 

A  determination  of  the  comparative  waste  is  also  taken  into  ac- 
count and  observations  made  regarding  the  most  economic  disposal  of 
the  same.  Ordinarily  in  making  feeding  tests  the  attempt  is  made  to 
feed  so  closely  that  there  is  little  need  for  taking  into  account  the  small 
waste;  there  is  nevertheless  always  some.  Though  the  feed  racks  may 
be  cleaned  it  will  be  found  in  small  quantity  on  the  floors  or  among  the 
litter..  In  this  case  especial  care  was  exercised  to  glean  every  waste 
stem  twice  each  day  for  purposes  of  accurate  comparison.  In  using 
legumes  which  are  the  product  of  a  very  luxurious  growth  a  certain 
proportion  is  sure  to  be  rejected  by  the  feeding  animals,  particularly  if 
they  are  young  ones  or  are  being  liberally  supplied.  On  a  mere  main- 
tenance allowance  no  account  would  need  to  be  taken  of  this,  but  in 
using  a  liberal  supply  such  as  would  be  necessary  in  order  to  make 
profitable  gains  it  would  amount  to  a  good  deal  in  feeding  extensively. 
This  waste  would  not  be  so  likely  to  occur  in  feeding  mature  animals 
which  were  being  wintered  over,  but  in  handling  large  bands  of  lambs 
some  use  can  be  profitably  made  of  the  refuse  by  feeding  to  other  stock. 

DURATION  OF  EXPERIMENT. 

The  preparatory  feeding  began  on  Dec.  21st,  1898,  and  continued 
until  Jan.  2nd,  1899,  when  the  experiment  proper  commenced,  to  con- 
tinue throughout  eighty-four  days.  Owing  to  the  condition  of  the 
Limbs  at  the  start  it  was  the  intention  to  run  them  throughout  a  longer 
period.  But  as  the  quality  attained  was  sufficiently  good  the  experi- 
ment was  closed  in  order  to  place  the  lambs  on  an  early  eastern  market. 

ANIMALS  USED. 

Were  lambs  of  grade  Merino  type,  showing  a  slight  admixture  of 
Cotswold  blood,  the  result  of  Cotswold  bucks  used  on  grade  Merino 
ewes.  Upon  arrival  at  the  Experiment  Station  the  forty-eight  lambs  to 
be  used  for  feeding  purposes  -weighed  up  with  an  average  of  forty-two 
and  one-fifth  pounds  each.  Considering  that  the  lambs  were  nearly 
eight  months  old  they  were  small  framed  and  in  poor  condition  owing 
in  part  to  a  journey  of  nearly  one  hundred  miles,  from  the  Madison  to 
the  East  Flathead  valley,  in  a  large  band  and  at  a  time  when  the 
ground  was   deeply  covered  with  snow.     They  were   hauled  in  sleds 
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from  the  East  Flathead  to  the  Experiment  Station,  the  snow  being  too 
deep  to  admit  of  driving.  As  a  result  the  lambs  were  not  in  good  con- 
dition to  go  on  experiment  and  make  the  best  returns.  We  wish  to 
emphasize  this  fact  to  show  that  the  results  obtained  have  not  been 
derived  from  a  superior  quality  of  material  to  commence  with,  and  that 
under  the  most  ordinary  conditions  the  mutton  producer  should  expect 
much  more  than  is  hereafter  given.  , 

SURROUNDINGS  AND  CONDITIONS  GOVERNING 

EXPERIMENT. 


ii 


The  lambs  were  fed  in  open  yards,  the  dimensions  of  which  were 
twenty  by  thirty-five  feet.  Sixteen  lambs  occupied  each  yard  and  had 
constant  access  to  closed  pens  for  protection  when  necessary.  These 
pens  were  just  sufficiently  large  enough  to  afford  shelter  from  storms. 
Food  was  supplied  in  low  slat  racks  cdnstructed  from  two  by  four  inch 
scantlings  with  slats  three  by  one  inch  placed  in  an  upright  but  slant- 
ing position,  and  just  far  enough  4part  so  that  the  food  could  be  with- 
drawn but  not  wasted  by  pulling  out  and  trampling.  Grain  was  given 
in  shallow  troughs  raised  fifteen  inches  above  the  ground.  Both  pens 
and  yards  were  kept  dry  and  comfortably  bedded.  ' 

FOODS. 

Those  used  for  comparison  were  alfalfa,  red  clover  and  alsike.  Both 
alfalfa  and  red  clover  were  from  second  cuttings,  while  the  alsike  was 
from  a  first.  All  three  were  apparently  of  equally  good  quality  for 
their  kind.  The  alfalfa  was  rather  finer  of  texture  than  the  average 
and  retained  both  blossoms  and  foliage.  It  had  been  cut  when  about 
half  the  flowers  were  in  bloom,  carefully  cured  in  the  cock  and  well 
preserved  in  the  stack.  The  red  clover  used  was  from  a  second  cut- 
ting which  had  made  a  remarkably  strong,  vigorous  growth.  Of  the 
three  fodders  it  was  probably  as  coarse  as  any  but  had  been  cut  in 
early  bloom  and  all  the  parts  preserved  in  curing.  Thealsike  was  fine 
of  stem  and  leafy,  bright  of  color,  retained  the  cured  blossoms,  and  as 
a  .food  stuff  possessed  a  remarkably  attractive  appearance. '  According 
to  analysis  these  foods  were  found  to  be  of  the  following  composition  : 
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AlHike.  K<'il  Clover.  Alfalta. 

Percent.  L'urcent.  Percent. 

(1.00  5,16  309 

13  13  87  12  37 

8  07  S.a9  4,07 

38  71  4.%  84  39  83 

2045  22  nr.  31  10 

9  72  7  5S  8  79 

GRAIN. 
)[  oats  during  the  first  half  of  the  period,  but 
cracked  peas  and  a  small  quantity  of  whole  flax 
quantity  and  manner  hereafter  described. 

ROOTS.     . 
}lied  throughout  the  entire   period,  not  so  much 
1  for    the    beneficiai    influences    which  would  be 
digestion  and  general  tone  of  the  animals. 

FEEDING.  • 
atory  feeding  only  those  foods  were  used  which 
hroughout  the  experiment.  For  thetwelvedays 
e  following  amount  of  food  was  given  :  Of  the 
^r  head  was  consumed  each  day,  while  thirty-six 
)plied  to  each  lot  during  the  period.  Through- 
nly  a  very  small  gain  was  made,  amounting  to 
ounds  per  head,  but  the  lambs  became  accus- 
somewhat  adapted  to  the  new-conditions.  With 
e  range,  as  these  were,  a  lapse  of  time  is  esseo- 
he  food  and  surroundings  before  good  gains  can 
ipreciablc  manifestation  of  uneasiness  was  no- 
;w  days  despite  the  efforts  to  preserve  quiet  and 
it  was  the  dosirc  rather  to  make  a  comparison 
ily  a  very  small  grain  allowance  was  used.  The 
on  Jan.  2nd  was  one-quarter  pound  oats  per 
as  gradually  increased,  by  additions  each  week, 
pound  at  the  end  of  six  weeks  or  one-half  the 
crease  of  oats  was  made  throughout  the  experi- 
h  the  seventh  week  an  ounce  of  flax  seed  per 
d  and  continued  throughout  the  test.  Flax  sc<fd 
:c<iuse  of  the  diificulty  and  expense  of   obtaining 
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nutted  oilcake  or  linseed  meal ;  it  was  ni 
sumed  and  perfectly  digested.  In  addit 
amount  of  flax  seed  used,  cracked  peas  (pe 
the  beginning  of  the  eighth  week  and  gra 
quarters  of  a  pound  by  the  beginning  of  tht 
L  ^  grain  supply  .thus  reached  a  limit  of  one  an 

per  day,  phis   the  flax  seed,   with   an   ave 
pound  throughout  the  test. 

(  It  will  be  noticed  that  the  grain  ration 

additions  and  increases  were  made  very  grs 

basis  of  composition  given  the  nutritive  rat 

period  was  about  1:55,  which  was   narrowt 

period  approached.     We  believe  as  a  resut 

food  is  effected  and  the  animals  are  mainta 

condition.      Throughout  the  whole  period  t 

occurred  from  death   among  the  forty-eigl 

and  in  no  case  did  any  constitutional   distu 

1  *  recurrence  of  bloating  among  the  alfalfa  li 

;  important  factor  in  lamb  feeding  never  to  : 

'.  food  than  can  be  properly  eaten    and    diges 

will  nev,er  again  regain  its  former  possibtlit 

The  grain,  hay  and  roots  were  all  threi 
hays  were  fed  to  the  three  lots  in  as  nearly 
pacity  would  allow.  Roots  were  pulped  a; 
ration.  As  regards  the  time  of  feeding, 
about  7  a.  m.,  and  ihe  afternoon  feed  from 
was  made  to  widen  this  period  by  feeding  c 
but  with  approaching  darkness  it  severely 
I .,  would  leave  the  feed  yards  before  entirely  . 

;  Water  was  supplied  each  day  just  afte 

noticed  that  notwithstanding  this  fact  snow 
as  any  was  to  be  found  in  the  yards.  The 
ply  of  good,  pure  water  was  strongly  manif 
drink  from  a  stream  where  other  stock  was 
Salt  was  supplied  in  such  a  way  that 
cess  to  it. 
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FOOD  CONSUMED. 
tie  grain  and  roots  these  were  fed  in  equal  amount  to 
The  fodders  supplied  were  also  practically  the  same, 
a  slight  difference  will  he  noticed  because  of  variation 
id  edibility  of  the  three  foods.  In  the  following  table 
it  of  food  consumed  by  each  lot  of  sixteen  lambs  dur- 
ur  days  is  given  : 

Hay.  R06I8.  Outs.  Prwi.  Flm, 

I^bR.  Lliii.  Hm.  t.lis.  LiKt. 

iike 2ri03  1S40  780  241  42 

mlOlover....  258S  IS40  780  241  42 

llfalfa 2484  1S40  780  241  i2 

from  the  food  consumed  are  as  follows: 

ikB,  made  »  lAtitl  i;ain  nf  405  ]\m 

■ti  rlnver,  nado  a  total  (tain  nl  402  IIm. 

ilfnifa.  niuile  a  total  Kaiii  of  8T7  lliH.  , 

he  lambs  up  into  lots  as  uniform  a  division  was  made  as 
ds  weight,  quality  and  breeding.    At  the  beginning  the 
:e  in  weight  between  any  two   lots   did   not   exceed  ix 
he  gain  and  amount  of  food  given,   by  placing  a  valu- 
consumed  some  interesting   data  are   reached.     The 
m  food  are  those  of  the  local  market   at   the  time  the 
led  and  are  as  follows  : 
per  hundred  weight, 
ig,  50  cents  percwt. 
1.50  per  cwt. 
)er  ton. 

ts  per  cwt.,  or  cost  of  production. 
IS  upon  the  basis   already   given   show   the   followiug 

LOT  I-ALSIKE. 

lied  per  pound  Knin , 6.82  pi>un<1i 

ii-d  iHTpDnnd  jpiln 2,03  pounds 

lint  of  alsike  cuiisnmed  per  heiul  per  da;. ..  1.S  poundit 

led  per  lio«d  per  day 79  pounda 

1  per  monlli  of  thirty  days 6.04  pounds 

id  o[  lui'TeaHe 4.G1  cents 
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LOT  II— RED  CLOVER. 

r  eonsiinied  per  pound  gain 0  48  pounds 

iHiMiied  ixti-puuDil  fEBiii 3.04  pountis 

iimcil  t)tirJii)H(l  per  flny S., 1,1(3  pounds 

iKuniKil  pel'  head  per  day T&  pounds 

iiiDDili  nt  ihirij<liijs(per  hetitl) 8  07  poiimls 

!>eumt  o(  increiilje 4.02  cents 

LOT  III— ALFALFA. 

insiinied  per  pnnnil  iiicrense O.ns  pounds 

isnnied  per  pound  incrmiae 3.81  pounds 

insnmed  per  hend  per  day 1.84  pounds 

isuniud  t>er  hcud  per  day 70  pounds 

liead  per  nionlli'of  ihirty  days 8.41  pounds 

lOUnd  of  iucriiHiic 4.S4  cents 

:  per  pound  as  given  would  cnly  be  very  moderate  for  a 
)f  well  bred  lambs.  These  were,  however,  small  for  their 
ifty,  consequently  the  gains  were  somewhat  slow,  re- 
e  amount  of  dry  matter  per  pound  increase.  It  will  be 
:he  results  that  the  lambs  fed  on  alsike  gave  slightly  the 
1  every  respect,  with  red  clover  a  close  second,  while  al- 
ird   with   only  a  slight   difference.     In  the   case  of  both 

clover  the  progress  of  Iambs  was  most  satisfactory.  In 
n  alfalfa,  symptoms  of  bloating  occurred  several  times, 
:t  that  the  utmost  care  was  exercised  in  supplying  and 
ir  food  judiciously.  No  serious  disturbance  occurred  ex- 
se  where  the  lamb  had  to  be  punctured  with  trochar  and 
he  lamb  did  not  thrive  as  the  others  throughout  the  re- 
!  period  it  was  withdrawn  at  the  close  of  the  test  and  cal- 
■.d  on  the  remaining  tifteen. 
n  this  test  alfalfa  has  not  headed  the  list,  it  is  still  not  far 

must  be  remembered  that  this  is  a  test  not  as  yet  dupli- 
iimilar  conditions.  Then  we  wish  to  call  attention  to  the 
rh  the  quality  was  apparently  first  class,chemical  analysis 
o  be  somewhat  lower  in  protein  than  the  average.     It    is 

^reat  forage  and  fodder  plant  throughout  the  arid  west 
lless  always  occupy  an  important  place  as  a  stock  food, 
ih  to  decry,  it  for  it  thrives  in  many  sections  of  Montana, 
indantly  where  the  other  clovers  do  not  do  so  well. 
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r  gave  p  re -em  i  neatly  good  satisUctJon  throughout  the 
i  especially  noticeable  in  the  feeding  yards.  Though 
b  good  returns  it  cannot  occupy  the  same  wide  range  of 
ie  Aher  two,  being  a  smaller  producer  and  more  difficult 
i  when  grown  alone.  Alsike,  however,  produces  phe- 
er  irrigation  and  may  be  grown  under  conditions  not 
ther  two.  Mixed  with  red  clover  it  improves  the  quality 
hile  for  [)ermanent  pasture  it  affords  an  abundance  of 
;  some  water  is  supplied.     It   withstands   freezing  well 

)  the  refuse  material  some  data  was  gathered  concerning 
lounts  from  each  and  the  economic  disposal  of  the  same, 
sire  was  to  feed  as  closely  as  possible,   there   were   still 

consisting  of  coarse,  woody,  inedible  stems.  Generally 
not  desirable  that  there  should  be  such.  With  mature 
laintenance  diet  there  would  not  be.  But  under  the  con- 
with  liberal  feeding,  small  quantities  will  remain  un- 
:tua]  amount  of  refuse  was  determined   as   follows  :     Al- 

clover,  i3';t  and  alsike,  11%.  Where  feeding  for  fat- 
es is  carried  out  on  a  large  scale  the  question  of  (he  eco- 

of  refuse  is  an  important  one.  The  impression  prevails 
ttle  nor  horses  will  consume  the  leavingsafter  sheep,  but 
isive  feeders  use  this  refuse  in  the  maintenance  of  cattle. 
:se  be  removed  each  day  and  will   necessitate  the  use  of 

yards.  The  refuse  material  was  in  this  instance  fed  to 
I  horses  confined  in  a  slack  yard  with  a  good  supply  of 
at  straw.  Almost  without  exception  the  red  clover 
rely  consumed  by  (hem  first,  then  the  alsike  and  lastly, 
mplctely,  the  alfalfa  straw. 

ion  of  size  and  quality  of  carcass  necessary  to  exactly  suit 
is  made  a  subject  of  investigation.  As  already  stated, 
.  in  this  test  were  light  at  the  start  and  though  they 
the  rate  of  fifty  per  cent,  which  gave  a  carcass  of  forty 
t,     it  was  found  on  placing  these  upon  the  local  market 

too  small  and  would  have  handled  mors  profitably  to 
i  retailer  had  they  dressed  at  least  ten  to  fifteen  pounds 
ie  lambs  brought  a  return  of  ten  cents  per  pound  dressed 
g  into  the  hands  of  the  retailer.      As  regards  quality  this 


u^ 
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is  a  matter  of  great  importance.  Excessively  fat  mutton  is  not  in  de- 
mand, but  a  moderately  fat  carcass,  well  intermixed,  fine  of  texture, 
juicy  and  tender,  is  increasing  in  demand.  To  attain  such  results 
should  be  an  easy  matter  to  the  Montana  farmer  with  his  nicely  blended 
food  factors  as  found  in  the  legumes,  grains  and  roots  already  de- 
scribed. 

The  chief  object  being  to  make  a  food  test,  no  financial  record  is 
given  and  such  will  probably  be  made  the  leading  factor  in  succeeding 
trials.  The  lambs  were  purchased  in  a  band  along  with  breeding 
stocks,  consequently  an  estimated  rather  than  an  actual  valuation 
would  necessarily  have  to  be  placed  upon  them.  With  the  statistics 
given,  however,  a  very  fair  idea  can  be  formed  as  to  the  profits  from 
feeding  lambs  for  local  markets. 

SUMMARY. 

( 1 )  With  the  great  abundance  of  leguminous  crops  and  the  ease 
with  which  they  can  be  produced  in  Montana,  we  believe  it  would  be 
of  great  advantage  to  the  Montana  farmer  to  fatten  at  least  k  few  sheep 
each  winter  season. 

(2)  Under  the  very  favorable  climatic  conditions  the  amount  of 
food  required  and  cost  of  production  per  pound  gain  are  relatively 
small. 

(3)  Careful  comparison  has  shown  that  alsike,  the  red  clovers 
and  alfalfa  have  given  results  for  feeding  value  in  the  order  named. 

(4)  That  food  materials  which  would  otherwise  be  wasted  can  be 
utilized  with  profit  where  sheep  are  kept  on  the  average  farm. 

Thanks  are  due  Dr.  Traphagen  who  kindly  furnished  the  analyses 
of  the  foodstuHs  used. 
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Resistance  of  Strawberries  to  Frost, 
And  Twelve  Other  Subjects. 


Ev  E.  V.  Wilcox,  Ph.  D., 
Siohght  of  Montana  Experiment  Station,  now  Assistant    Eitto- 
^ht  to  the  Department  of  Agriculture,   Washington^  D.  C. 

well  known  to  strawberry  raisers,  a  light  frost  often  occurs  in 
;  killing  a  small  proportion  of  the  flowers  and  young  fruit  of 
lerry.  Injury  from  such  frost  is  readily  recognized  in  the 
;  of  the  pistils  within  a  few  hours  after  the  frost. 
Uetin  j6  of  the  Station,  Director  Emery  made  a  report  on  the 
.white  frost  which  occurred  on  June  ii,  1897.  On  June  a i 
)D  was  made  to  determine  the  extent  of  damage  from  this 
tabulated  statement  is  presented  in  Bulletin  16  showing  the 
J  of  injury  in  58  varieties.  The  average  amount  of  injury  for 
:s  which  were  affected  by  the  frost  was  4  per  cent.,  and  the 
lamage  in  different  varieties  varied  from  o  to  13  per  cent. 
flag  nine  varieties  escaped  all  injury  from  frost:  Bisel,  Cres- 
iral  Putnam,  Princeton  Chief,  Parker  Earle,  Robinson,  Stev- 
:er  Gem  and  Warfield. 

licated  by  Director  Emery,  the  varieties  in  this  list  are  all 
lers  with  the  exception  of  the  Warfield,  which  is  one  of  the 
Qomers.     Among  the  varieties  which  suffered  most,  mention 
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should  be  made  of  the  Columbian,   Muskingum,  Tennessee,  Governor 
Hoard  and  Michel  Early. 

These  observations  were  placed  at  the  disposal  of  the  writer  by 
Director  Emery,  with  the  suggestion  that  an  investigation  of  the  matter 
be  made.  A  study  of  the  problem  was  at  once  begun,  with  the  results 
which  are  outlined  in  the  present  account.  No  frost  occurred  during 
the  flowering  season  of  strawberries  in  i8g8,  and  it  was,  therefore,  im- 
possible to  verify  the  results  by  further  observations. 

For  the  purposes  of  this  account  it  is  not  necessary  to  descrfbe  the 
structure  of  the  strawberry  riower  and  fruit  in  any  great  detail.  It  is 
merely  to  be  remembered  that  the  pulpy  portion  of  the  fruit  of  the 
strawberry,  which  is  known  to  botanists  as  the  receptacle  or  torus,  con- 
stitutes the  edible  material  of  the  fruit.  Imbedded  in  this  receptacle  in 
pits  of  varying  depths  are  the  seeds  or  achenes  scattered  over  the  sur- 
face of  the  fruit. 

The  method  of  study  which  was  adopted  in  this  investigation  may 
be  very  briefly  described.  Young  fruits  of  various  varieties  were  col- 
lected and  hardened  in  various  preserving  fluids  and  finally  sectioned 
with  a  razor  and  subjected  to  microscopic  study.  Besides  a  study  of 
the  fruit,  which  was  conducted  in  the  manner  just  indicated,  some  at- 
tention was  given  to  the  immature  stamens  and  pistils  of  flowers  which 
had  just  opened. 

It  was  found  that  in  a  number  of  varieties  the  anthers  were  injured 
by  the  frost.  No  comparison  was  made  to  determine  the  relative  sus- 
ceptibility to  frost  of  anthers  of  different  varieties,  since  such  compar- 
ison did  not  promise  any  valuable  results.  The  injury  to  the  anthers 
consisted  in  rupture  of  the  tissue  in  which  the  pollen  grains  were  im- 
bedded and  in  the  killing  of  a  small  proportion  of  the  pollen  grains. 
In  unfertilized  flowers  it  was  noticed  that  some  injury  had  been  pro- 
duced in  the  styles  and  stigmas,  so  that  these  organs  were  probably  no 
longer  capable  of  receiving  the  pollen  grains  and  transmitting  the  pol- 
len tube. 

The  attention  of  the  writer  was  chiefly  directed  to  a  study  of  the 
injury  from  frost  in  young  berries  which  had  begun  development  and 
had  attained  various  sizes  up  to  that  of  a  pea.  In  such  fruits  the  gen- 
eral statement  may  be  made  that  the  injury  was  confined  to  the 
achenes  or  seeds  of  the  strawberry.  The  pulpy  mass  or  receptacle  was* 
in  no  case  injured  to  the  slightest   extent.     The   surface   of  the  recep- 
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tacle  did  not  blacken  and  its  tissues  did  not ! 
change  which  could  lead  one  to  suppose  that 
jury  from  the  frost.     The   achenes,    howcvei 
suffered  injury  were  killed  by  the  action   of 
hibited  discoloration  and  decomposition  of  t1 

The  problem  which  was  had  in  mind 
stared  as  follows  :  Are  there  any  dcmonstra 
in  the  structure  of  the  fruits  of  different  vari< 
would  account  lor  the  physiological  differeiK 
ference  in  the  power  of  resistance  to  frost  o 
varieties  of  strawberries  make  it  apparent  th 
diflerence  in  these  varieties,  and  it  was  the 
present  study  to  determine  whether  there  wi 
mical  difference  in  structure  which  correspon 

It  was  found  upon  a  study  of  the  structu 
strawberries  of  diffetent  varieties  at  the  same 
opment  that  in  those  varieties  which  did  not 
achenes  were  more  deeply  imbedded  in  the  s 
than  was  the  case  in  those  varieties  which  wi 
In  this  connection  it  should  be  remembered 
opment  of  the  receptacle,  or,  in  other  woi 
commonly  thought  of  as  the  strawberry,  depi 
ulus  which  the  receptacle  derives  from  the  p 
on  its  surface.  If  these  seeds  or  achenes  ar« 
nary  manner,  the  growth  of  the  receptacle  dc 
words,  the  strawberry  does  not  develop.  Tl 
trated  in  cases  of  partial  fertilization  whert 
fertilized  and  others  not.  In  such  cases  the 
achenes  which  are  fertilized  develops,  while  i 
tacle,  upon  which  the  unfertilized  achenes  r 
the  result  is  a  onesided  or  unsymmetrical  str 
is  brought  about  by  the  killing  of  the  ach< 
have  once  become  fertilized.  After  their  fer 
gins  Immediately,  but  as  soon  as  they  are  kil 
the  growth  of  the  receptacle  ceases  and  the 
els  up. 


20  tH£  MONTANA  EXPERIMENT  STATION. 

"^  -     ■        -     ■  ■  ^     ■  -  ■■  ■     ■     »    ^^         -.■»J»^»B  III  I  ■  ■»■  ■  ■■■-■■■■  B^^M^M    I  M  MM!  — ^^^^.^^ 

The  seed  of  the  strawberry  is  anatropus,  fhat  is,  bent  back  com- 
pletely upon  itself  so  that  the  style  or  free  end  of  the  pistil  seems  to 
arise  from  the  base  of  the  seed.  The  style  is  probably  the  most  deli- 
cate and  easily  injured  portion  of  the  pistil,  but  when  once  fertilization 
has  taken  place,  its  function  has  been  performed  and  it  is  henceforth 
useless  to  the  strawberry.  The  preservation  of  the  life  of  the  seed, 
however,  as  just  indicated,  is  necessary  to  the  further  growth  of  the 
strawberry  fruit. 

In  those  varieties  in  which  the  achenes  were  so  deeply  imbedded 
in  the  receptacle  that  they  were  protected  from  the  frost,  the  protrud- 
ing styles  were  killed  by  the  frost  as  completely  as  in  the  case  of  the 
varieties  where  the  seeds  were  also  killed.  It  was  noticed,  however, 
that  although  the  surface  of  the  berry  at  this  time  exhibited  the  black- 
ened tips  of  the  styles,  the  fruit  proceeded  with  its  development  and 
ultimately  all  trace  of  injury  was  obliterated. 

An  examination  of  numerous  sections  of  berries  which  were  injured 
by  the  frost  demonstrated  also  a  slight  variation  in  the  thickness  of  the 
seed  coats  in  different  varieties.  This  variation  in  the  thickness  of  the 
seed  coats  seemed  to  be  quite  independent  of  the  variation  in  depth  to 
which  the  seeds  were  imbedded  in  the  receptacle.  This  variation,  how- 
ever, was  not  a  phenomenon  of  so  regular  occurrence  that  it  could  be 
assumed  to  be  of  prime  importance.  So  far  as  these  studies  indicated, 
it  seemed  necessary  to  conclude  that  the  chief  cause  of  variation  in  the 
susceptibility  to  frost  was  in  the  varying  amount  of  protection  furnish- 
ed to  the  achenes  by  the  surrounding  pulp. 

In  the  varieties  already  named  as  being  most  damaged  by  frost, 
the  achenes  were  most  exposed  upon  the  surface  and  they  were  least 
exposed  in  those  varieties  which  suffered  least.  In  general  it  may  be 
said  that  a  tolerably  regular,  series  of  gradations  was  found  to  prevail, 
running  from  the  varieties  which  were  uninjured  by  the  frost  to  those 
which  were  most  damaged.  Aside  from  this  condition  of  anatomical 
structure,  nothing  of  an  anatomical  nature  was  discovered  which  could 
be  considered  as  a  factor  in  the  determination  of  the  difference  in  the 
susceptibility  to  frost.  It  is,  however,  not  safe  to  conclude  that  this 
one  variation  in  anatomical  structure  is  the  only  factor  in  the 
case.  Many  instances  might  be  mentioned  of  physiological  dif- 
ferences in  the  varieties  of  the  different  species  without    any  noticeable 
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corresponding  anatomical  difference,  and  it  would  not  be  unreasonable 
to  suppose  that  noticeable  physiological  changes  might  be  the  result  of 
anatomical  changes  which  were  as  yet  too  little  pronounced  to  be  recog- 
nized with  certainty. 

Further  study  of  the  susceptibility  to  frost  of  different  varieties  of 
strawberries  may  develop  other  determining  factors,  but  until  such  dis- 
coveries are  made  we  may  reasonably  believe  that  the  one  mentioned 
in  this  account  is  of  considerable  importance  in  the  biology  of  the 
strawberry.  Mention  has  already  been  made  of  those  varieties  which 
were  not  injured  by  the  frost  and  a.  few  varieties  were  named  which 
were  most-injured  by  the  frost.  These  latter  varieties  were  named  in 
the  regular  order  of  the  relative  amount  of  injury,  beginning  with  the 
Columbian  where  the  injury  was  greatest. 

This  account  may  be  briefly  summarized  as  follows  :  A  striking 
difference  rn  the  amount  of  injury  from  frost  was  noticed  in  different 
varieties  of  strawberries.  Upon  examination  of  sections  of  the  fruit  of 
these  different  varieties  it  was  found  that  in  those  varieties  in  which 
the  injury  was  greatest  the  seeds  were  most  exposed  or  were  situated 
in  very  shallow  depressions  of  the  strawberry  pulp.  On  the  other  hand, 
in  those  varieties  which  did  not  suffer  from  the  frost,  the  seeds  were 
protected  by  being  imbedded  so  deeply  in  pits  of  the  plant  that  ihey 
were  practically  surrounded  by  the  pulp.  Between  these  two  extremes 
there  was  found  a  regular  series  of  gradations  represented  by  varieties 
in  which  the  seeds  were  imbedded  in  pits  in  the  pulp  of  varying  depth. 
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Potato  Scab. 


Among  potato  diseases  which  possess  economic  significance,  po- 
tato scab  occupies  a  prominent  place.  It  cannot  be  considered  the 
most  serious  enemy  of  the  potato,  but  its  distribution  is  nearly  coex- 
tensive with  the  potato.  The  disease  has  been  referred  by  different 
authors  to  a  number  of  causes,  among  which  may  be  mentioned,  ani- 
mal parasites,  vegetable  parasites,  excessive  moisture,  mechanical  irri- 
tation, the  action  of  chemical  substances  and  of  manures.  A  number 
of  fungi  and  bacteria  have  been  supposed  tp  cause  the  disease,  and  the 
bacterial  origin  of  potato  scab  has  been  upheld  with  considerable  ]>er- 
sistence.  Dr.  Thaxter,  while  connected  with  the  agricultural  experi- 
ment station  of  Connecticut,  made  a  thorough  study  of  the  nature  and 
cause  of  the  disease  and  discovered  the  vegetable  parasite  which  is  re- 
sponsible for  potato  scab,  This  was  found  in  the  form  of  one  of  the 
lower  fungi  and  named  Oospora  scabies. 

The  general  appearance  of  potato  scab  is  too  familiar  to  require 
any  elaborate  description  for  its  recognition.  Usually  in  examples  of 
the  disease  which  were  studied  at  the  station,  its  first  ap])earance  was 
in  the  form  of  slight  swellings  at  various  points.  These  swellings  be- 
came more  and  more  prominent  until  the  epidermis  was  ruptured  upon 
the  convex  surface.  The  subsequent  action  of  bacteria  which  are  al- 
lowed to  enter  the  tissues  of  the  potato  brings  about  a  decomposition 
of  tissue  until  the  scab  ultimately  assumes  a  form  of  depression  or  ex- 
cavation. During  the  process  which  has  just  been  described,  there  is 
usually  noticeable  a  deepening  of  the  pigment  found  immediately  under 
the  outer  skin  of  the  potato.  The  color  of  the  skin  at  these  points  be- 
comes much  more  pronounced.  Along  wi-th  these  processes  there  is 
also  to  be  observed  a  progressive  destruction  of  the  starch  and  other 
food  materials  immediately  under  the  scab  areas.  Even  previous  to 
the  rupture  of  the  epidermis,  the  absence  of  starch  in  those  portions  of 
the  potato  tissue  which  lie  directly  imderneath  the  scab  patches  is  very 
striking. 

Aside  from  the  disfiguration  of  the  potato  and  the  consequent 
depreciation  in  its  market  value,  the  scab  produces  very  little  real  loss 
in  the  potato,  the  destruction  of  starch  and  other  nutrient  substances 
being  confined  to  the  superficial  tissues. 
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Two  forms  of  potato  scab  have  been  distinguished,  the  superficial 
and  the  deep  forms.  These  forms,  however,  apparently  do  not  differ 
in  any  essential  manner  except  that  the  deep  form  is  a  more  advanced 
stage  of  the  disease,  After  the  disease  has  once  become  established, 
the  depth  to  which  it  penetrates  seems  to  depend  largely  upon  the  soil 
conditions  to  which  the  potato  is  submitted.  If  potatoes  are  dug  as 
soon  as  mature,  or  even  at  an  earlier  date  than  woulci  seem  advisable 
for  healthy  potatoes,  the  progress  of  the  scab  is  arrested.  If,  however, 
the  potatoes  are  allowed  to  remain  in  the  ground  until  late  in  the  fall 
the  disease  progresses  and  the  scab  areas  become  deep-seated. 

An  experiment  was  conducted  at  the  station  for  the  purpose  of  de- 
termining the  value  of  certain  substances  in  preventing  potato  scab. 
Seed  potatoes  were  secured  which  were  exceedingly  scabby,  and  these 
potatoes  were  planted  in  5  rows.  Row  i  received  i  tablespoonful  of 
gypsum  in  each  hill;  row  2,  »^  tablespoonful  of  sulphur  in  each  hill. 
The  potatoes  of  row  3  were  soaked  in  a  solution  of  corrosive  sublimate 
in  the  proportion  of  2^  ozs.  to  15  gallons  of  water  for  i}{»  hours.  The 
seed  potatoes  of  row  4  were  kept  in  a  solution  of  formalin  in  the  pro- 
portion of  8  ozs,  to  50  gallons  of  water  for  2  hours.  Row  5  was  un- 
treated. 

These  different  substances  had,  so  far  as  the  results  showed,  no 
appreciable  influence  upon  the  yield  of  the  potatoes.  The  yield  of  the 
two  rows  which  were  treated  with  the  corrosive  sublimate  and  forma- 
lin was  slightly  larger  than  that  of  the  other  rows.  The  potatoes,  after 
being  dug,  were  carefully  counted  and  separated  ino  two  heaps  of 
scabby  and  healthy  potatoes.  The  percentage  of  scabby  potatoes  was 
as  follows  :  45,  40,  3,  i,  and  50  per  cent  for  rows  i,  2,  3,  4  and  5,  re- 
spectively. It  is  thus  seen  that  formalin  is  a  very  effective  substance 
in  preventing  potato  scab.  It  has  the  further  advantage  that  it  is  non- 
poisonous  and  non-corrosive  and  may  be  used  either  in  wooden  or 
metallic  vessels. 


A 


i 


24  THE  MONTANA  EXPERIMENT  STATION. 


.   Treatment  of  Seed  Oats  for  Smut. 


The  nature  and  appearance  of  smut  diseases  of  various  cereals  are 
rather  familiar  to  the  ordinary  observer,  and  it  is  generally  well  known 
that  the  losses  in  the  yield  of  wheat  and  oats  from  these  diseases  are 
very  extensive.  The  smut  of  oats  being  produced  by  a  parasitic  fungus, 
the  spores  of  which  are  carried  upon  the  seed  oats,  the  remedies  for 
the  prevention  of  this  disease  are  evidently  to  be  applied  to  the  seed 
grain. 

Of  the  numerous  remedies  which  have  been  suggested,  a  great  deal 
may  be  said  in  favor  of  each  one,  but  nearly  all  remedies  suffer,  on  the 
other  hand,  from  certain  disadvantages.  Blue  vitriol  is 'exceedingly 
corrosive  and  poisonous,  and  when  used  in  proportions  sufficiently' 
strong  to  destroy  the  smut  spores,  is  likely  to  cause  injuries  to  the  seed 
grain,  so  that  a  smaller  proportion  of  the  grain  will  germinate.  The 
hot  water  treatment,  while  perfectly  effective  as  a  remedy  for  smut,  re- 
quires a  rather  elaborate  apparatus  for  its  application  and  also  a  con- 
siderable amount  of  time  and  attention.  The  overheating  of  the  grain 
is,  of  course,  fatal  to  the  life  of  the  grain,  and,  on  the  other  hand,  one 
must  be  sure  that  the  water  is  kept  at  a  sufficient  temperature  to  de- 
stroy the  smut  germs  upon  the  seed  grain. 

An  experiment  was  tried  with  formalin  as  a  preventive  of  oat  smut, 
in  which  this  treatment  was  directly  compared  with  the  ordinary  treat- 
ment with  blue  vitriol.  The  seed  oats  were  placed  in  ordinary  gunny 
sacks  and  allowed  to  soak  for  two  hours  in  a  solution  of  formalin  in 
the  proportion  of  i  lb.  to  50  gals,  of  water.  The  oat^  were  then  re- 
moved and  placed  upon  a  canvas,  which  had  been  treated  with  the 
same  solution,  and  allowed  to  dry.  The  ordinary  blue  vitriol  treat- 
ment was  applied  to  a  portion  of  the  seed  oats  and  the  seed  was  drilled 
in  upon  one  piece  of  ground  so  that  the  areas  which  were  sown  with 
seed  grain  treated  by  these  two  methods  were  contiguous.  In  the  oats 
which  developed  from  the  grain  treated  with  blue  vitriol  the  smutty 
heads  were  numerous  and  conspicuous,  while  among  the  oats  which 
grew  from  the  seed  treated  with  formalin  there  were  found  only  two  or 
three  smutty  heads  in  about  two  acres.  The  difference  in  the  effective- 
ness of  these  two  treatments  was  so  striking  that  it  could  be  noticed 
from  a  distance. 
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Formalin,,  as  elsewhere  stated,  has  other  advantages  besides  being 
-more  effective  than  the  blue  vitriol  method.  This  substance  is  at 
present  not  at  all  expensive.  When  formalin  first  came  into  promi- 
nence its  manufacture  was  not  yet  perfected  to  such  an  extent  that  it 
could  be  sold  cheaply,  but  the  field  of  its  application  was  widened  very 
rapidly  until  at  present  the  cost  of  formalin  is  no  obstacle  to  its  use  on 
an  extensive  scale.  The  form  in  which  it  is  ordinarily  sold  is  the  gas 
in  solution  of  water,  the  strength  being  40  per  cent.  Formalin  has 
been  found  to  be  useful  not  only  in  the  treatment  of  potato  scab  and 
grain  smuts,  but  also  in  the  disinfection  of  houses,  clothing,  stables 
and  miscellaneous  implements  about  barns  after  the  prevalence  of  con- 
tagious diseases. 


Losses  Caused  by  the  Grain  Aphis. 


The  appearance,  habits  and  life  history  of  the  grain  aphis  have 
already  been  referred  to  in  Bulletin  17  of  this  station.  The  insect  has 
long  been  recognized  as  of  considerable  economic  importance.  The 
abundance  of  the  grain  aphis  varies  exceedingly  in  different  years.  Dur- 
ing some  years  it  occurs  in  such  numbers  upon  the  grain  that  the 
crushed  bodies  of  the  aphis  render  greasy  the  harvesting  machine  and 
thus  interfere  with  its  operation.  Different  entomologists  have  esti- 
mated the  losses  caused  by  this  insect,  but  these  estimates  have  been 
made  largely  from  a  study  of  the  difference  in  yield  of  grains  during 
different  years  by  different  farmers. 

At  the  suggestion  of  Director  Emery,  the  writer  undertook  to  de- 
termine, as  accurately  as  possible,  the  nature  and  amount  of  damage 
caused  to  wheat  by  the  action  of  these  insects.  This  study  was  made 
during  a  time  of  great  abundance  of  the  grain  aphis.  The  experiments 
which  are  here  reported  included  a  considerable  number  of  varieties  of 
wheat  and  were  conducted  in  the  following  manner  :  A  number  of  the 
heads  of  each  variety  of  wheat  were  covered  with  a  netting  which  pre- 
vented the  grain  aphis  from  entering.     The  netting  was   kept  on  until 
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the  wheat  was  ripe.  One  or  two  days  before  the  wheat  was  cut,  a  few 
of  the  protected  and  unprotected  heads  of  each  variety  were  collected 
and  reserved  for  study.  It  was  found  on  removing  the  grains  from 
these  heads  that  the  size  of  the  grains  from  the  protected  and  unprotec- 
ted heads  did  not  differ  to  any  noticeable  degree.  Before  the  grains 
had  been  allowed  to  dry  the  weight  of  100  grains  from  protected  and 
unprotected  heads  of  any  variety  was  approximately  the  same.  It  was, 
therefore,  at  first  believed  that  the  grain  aphis  had  very  little  injurious 
effect  upon  the  weight  and  the  yield  of  the  grain.  After  the  grain  had 
been  allowed  to  dry,  however,  it  was  perfectly  apparent  that  the  grain 
aphis  had  produced  serious  injuries  in  the  size,  appearance  and  weight 
of  the  grains.  The  grains  from  the  infested  heads  shriveled  up  in  dry- 
ing to  a  much  greater  extent  than  did  the  grains  from  the  iHiinfected 
heads,  and  the  weight  of  grains  from  infested  heads  was  from  15  to  35 
per  cent  less  than  the  grains  from  uninfested  heads. 

A  considerable  proportion  of  the  grains  taken  from  the  infested 
heads  became  so  shriveled  in  drying  that  it  was  evident  that  in  the  or- 
dmary  process  of  threshing  they  are  blown  over  and  are  to  be  found 
among  the  screenings.  The  difference  in  the  appearance  of  threshed 
grain  is,  therefore,  no  indication  of  the  amount  of  damage  done  by  the 
grain  aphis  since,  as  just  indicated,  the  grain  which  is  worst  damaged 
is  not  measured  with  the  threshed  grain. 

It  is  evident  from  this  brief  account  that  the  damage  caused  to 
grain  by  the  prevalence  of  the  grain  aphis  is  very  considerable  and  is 
probably  in  the  majority  of  cases  even  greater  than  has  usually  been 
supposed. 

No  chemical  analyses  were  made  of  these  different  grains  and  it  is, 
therefore,  not  possible  to  state  whether  the  presence  of  the  grain  aphis 
produces  any  pronounced  chemical  change  in  the  grain  or  whether  the 
loss  is  merely  in  the  appearance  and  weight  of  the  grains. 
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Roup  of  Chickens. 


This  disease,  often  also  called  diphtheritic  roup,  is  recognized  as 
being  very  similar  to  the  ordinary  diphtheria  of  man.  It  has  been  re- 
ported in  some  instances  that  children  have  acquired  diphtheria  by 
contact  with  chicken  roup,  and,  on  the  other  hand,  that  roup  among 
chickens  has  developed  from  contagion  by  diphtheria  of  man.  The  in- 
vestigations whi6h  have  thus  far  been  conducted  have  almost  uniformly 
demonstrated  that  the  organism  which  causes  roup  differs  in  certain 
particulars  from  that  of  diphtheria.  The  differences  are  not  great  but 
the  general  consensus  of  opinion  is  that  they  are  distinct  pathogenic 
organisms.  Roup  is  one  of  the  more  important  diseases  of  domestic 
poultry  and  attacks  the  common  fowl,  turkeys,  ducks,  pea  fowls,  pig- 
eons, pheasants,  etc.  The  symptoms  of  the  disease  may  be  briefly  de- 
scribed as  follows : 

Among  the  first  signs  of  the  disease  is  the  presence  of  diphtheritic 
patches  in  the  mouth,  pharynx,  larynx,  nostrils  and  upon  the  eyes. 
These  patches  are  of  a  purulent  nature,  become  hard  and  firm,  and 
may  be  removed  entire.  When  removed,  however,  they  leave  a  bleed- 
ing surface.  The  disease  may  be  confined  to  the  mouth,  pharynx  and 
eyes,  but  often  it  spreads  beyond  these  parts  and  invades  the  trachea, 
cesophagus,  lungs  and  air  sacs. 

So  long  as  the  disease  is  confined  to  the  mouth  and  larynx  it  may 
be  cured;  but  once  it  has  infested  the  trachea  or  the  lungs  it  is  practi- 
cally impossible  to  check  its  progress. 

In  combatting  this  disease  it  should  always  be  remembered  that  it 
is  contagious  and  one  of  the  first  measures,  therefore,  to  be  adopted  is 
the  isolation  of  all  affected  birds  and  the  thorough  disinfectfon  of  the 
premises.  The  disinfection  may  be  accomplished  by  means  of  a  5  per 
cent  solution  of  carbolic  acid.  All  the  fowls  that  die  should  be  either 
burned  or  carefully  buried  in  order  to  prevent  the  spread  of  the  con- 
tagion. The  success  of  the  treatment  of  the  disease  will  depend  largely 
upon  the  closeness  of  the  watch  kept  upon  the  fowls  and  upon  the 
thoroughness  with  which  applications  are  made  to  the  diseased  parts. 
The  diphtheritic  membranes  may  be  readily  removed  with  a  small  piece 
of  wood,  and  the  mouth,  larynx  and  eyes  may  then  be  treated  with  anti- 
septic solutions. 
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Among  the  substances  which  have  been  recommended  for  this  pur- 
pose we  may  mention  tincture  of  iodin,  salicylic  acid  and  boric  acid. 
The  tincture  of  iodine  is  to  be  applied  directly  to  the  surfaces  from 
which  the  diphtheritic  membranes  were  removed.  Salicylic  acid  in  the 
proportion  of  one  grain  to  an  ounce  of  water  may  be  used  for  washing 
the  eyes,  and  boric  acid  in  the  proportion  of  15  grains  to  one  ounce  of 
water  is  a  good  antiseptic  wash  for  the  eyes  and  mouth.  If  one  wishes 
to  adopt  another  form  of  treatment,  it  is  possible  to  secure  roup  anti- 
toxin  from  the  firms  which  sell  such  substances  for  vaccinating  diseased 
birds.  Roup  antitoxin  operates  in  a  manner  similar  to  that  of  diph- 
theria antitoxin.  In  fact,  it  has  been  claimed  that  diphtheria  antitoxin 
is  a  successful  remedy  for  roup.  This,  however,  requires  confirmation. 
Roup  antitoxin  has  been  extensively  used  in  Europe  and  this  country 
with  good  success. 

A  treatment  which  was  adopted  during  an  outbreak  of  roup 
among  the  station  fowls  in  Montana  gave  good  results,  and  we  may 
briefly  describe  the  method  as  follows  :  The  diphtheritic  membranes 
were  first  removed  from  the  mouth,  larynx  or  eyes  and  to  the  raw 
surfaces  thus  exposed  in  the  mouth  cavity  direct  application  was  made 
of  lunar  caustic.  The  mouth  cavity  and  eyes  were  then  thoroughly 
washed  with  a  solution  of  nitrate  of  silver  in  the  proportion  of  8 
grains  to  the  ounce  of  water.  This  wash  was  applied  by  means  of 
a  small  swab  which  was  of  such  a  size  as  to  allow  its  introduction 
into  the  larynx.  In  some  cases  one  application  of  this  sort  was 
sufficient.  In  others  two  or  three  had  to  be  made,  but  it  was  shown 
that  the  remedy  may  be  used  successfully  in  curing  roup,  provided 
the  disease  has  not  progressed  beyond  the  larynx. 

The  question  as  to  whether  any  direct  treatment  should  be  adopted 
for  roup  is  one  which  will  probably  be  settled  in  different  ways  by 
different  poultry  raisers.  The  course  of  action  adopted  will  probably 
depend  somewhat  upon  the  number  of  fowls  affected  and  also  upon 
their  value.  The  application  of  any  remedy  which  involves  the  re- 
moval of  the  diphtheritic  membranes  and  the  use  of  an  antiseptic  wash 
is,  of  course,  a  somewhat  laborious  process  and  it  may  be  considered 
by  some  poultry  raisers  that  where  the  outbreak  of  the  disease  is  noticed 
at  its  start  and  only  a  few  fowls  are  affected,  the  safest  and  surest  rem. 
cdy  is  the  destruction  and  burning  of  the  affected  fowls.  In  any  case 
it  will  be  found  desirable  to  disinfect  thoroughly   the   premises  where 
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the  outbreak  of  roup  has  occurred  or,  perhaps  better  still,  to  remove  the 
poultry  to  a  new  location.  The  pieces  of  false  membrane  which  form  in 
the  mouth  are  apt  to  choke  the  fowls  and  cause  coughing.  They  will 
thus  be  thrown  out  on  the  ground  and  are  likely  to  be  eaten  by  the  other 
fowls.  It  is  absolutely  necessary,  therefore,  in  preventing  the  spread  of 
the  disease  that  all  infected  fowls  should  be  immediately  separated  from 
the  healthy  ones.  It  is  also  to  be  remembered  that  the  bacterial  or- 
ganism which  causes  the  disease  may  live  for  a  considerable  time  in 
pieces  of  the  false  membrane  which  have  been  thrown  out  upon  the 
ground,  and  thorough  disinfection  is,  therefore,  necessary  even  ki  case 
no  fowls  are  allowed  to  inhabit  fhe  same  quarters  for  some  time  after 
the  original  outbreak: 

The  roup  antitoxin  treatment  furnishes  a  sure  and  complete  cure 
for  the  disease  and  other  treatments  which  involve  antiseptic  washes 
also  give  good  results,  provided  they  are  carefully  applied.  It  may 
be  asserted,  therefore,  that  roup  can  be  readily  cured,  and  the  only 
question  left  for  the  determination  of  the  poultryman  is  the  exact 
method  which  he  may  expect  to  be  most  effective  under  his  pecul- 
iar circumstances. 


lONTANA  EXPERIMENT  STATION. 

.e  Internal  Chicken  Mite. 


chicken  mite,  Cytoi/ith  niuiiis,  is  probably  the  only 
ich  lives  within  the  body  of  the  domestic  fowl.  The 
Laminosioplcs  cysticola,  lives  upon  the  surface  of 
uentiy  penetrates  into  the  skin  or  even  into  the  siib- 
:ive  tissues  where  it  may  produce  miliary  tubercles 
ere  ara  no  records,  however,  of  this  mite  in  the  United 
ipearance  and  normal  situation  in  fowls  serve  to 
>nce  from  the  internal  chicken  mite. 
chicken  mite  is  of  a  pale  or  nearly  white  color. 
ist  entirely  glabrous  with  only  a  few  hairs  in  defi- 
m  the  upper  surface  of  the  body.  On  the  second 
is  present  a  stiff  bristle.  The  legs  are  composed 
to  the  terminal  joint  is  attached  a  sucking  disk 
>truded  and  retracted  within  the  joint.  The  snout 
ded.  The  length  of  the  female  is  about  0.56  mm. 
ibout  0.45  mm,  The  sexes  are  easily  distinguished 
in  size  as  well  as  hy  the  peculiar  genital  armature 
:  species  is  either  viviparous  or  oviparous,  but  u5- 
the  young  being  six-legged  when  born.  The  imma- 
rms  may  be  readilyseen  in  the  bodies  of  the  vivip- 

chicken  inite  is  of  sufficient  size  to  be  recognized 
,  and  ill  infested  fowls  is  to  be  seen  as  small  white 
out  upon  the  mesenteries  and  surfaces  of  the  in- 
his  mite  has  been  found  in  the  trachea,  lungs,  air 
s  and  everywhere  upon  the  peritoneum  within  the 
iides  these  m,ore  common  situations  of  the  mite  it 
I  present  by  certain  observers,  inside  of  vital  organs 
;ar  reports  its  presence  in  the  ventricles  of  the  heart. 
heobald  have  reported  finding  the  mite  inside  of  yel- 
1  were  found  in  the  liver,  and  Holzendorff  has  also 
ere  the  mite  was  found  in  the  substance  of  the  kid- 
These  last  mentioned  positions,  however,  are  prob- 
3r  this  species  of  mite.  The  position  in  which  it  is 
already  indicated,   is  upon   the   peritoneum  and  the 
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surface  of  the  internal  organs  and   within    the   various  parts  of  the  air 
passages.     Cytodites  has  been  found  in  nearly   all  gallinaceous  fowls. 

As  to  the  effects  produced  upon  fowls  by  the  presence  of  this  mite 
within  the  body,  great  variety  of  opinion  has  prevailed.  In  general  it 
has  been  believed  that  the  mere  presence  of  the  mite  in  the  air- sacs  or 
upon  the  peritoneum  of  fowls  had  no  deleterious  effect  upon  the  health 
of  the  fowls,  It  has  been  assumed  that  in  such  situations  the  mites 
subsist  upon  serous  fluids  with  which  these  membranes  are  naturally 
moistened,  and  that  no  lesions  are  produced  by  the  mites  in  the  tissues 
upon  the  surface  of  which  they  live.  Zundel  believed  that  the  mites 
under  certain  circumstances  produced  enteritis  and  peritonitis. 
Megn'in  reported  a  few  cases  in  which  the  trachea  was  said  to  have  be- 
come obstructed  by  the  presence  of  great  numbers  of  the  mite  and  that 
death  thus  resulted  by  asphyxia.  As  already  indicated,  Holzendorff 
and  Theobald  reported  finding  the  mites  within  pathological  nodules 
in  the  liver  and  kidneys,  and  while  it  is  not  distinctly  maintained  that 
the  mites  were  the  primary  cause  of  these  nodules,  we  are  led  to  sup- 
pose that  such  was  the  belief  of  fhese  observers.  In  the  cases  which 
were  investigated  by  Edgar,  this  observer  found  the  immediate  cause 
of  the  death  of  the  fowls  to  be  acute  endocarditis.  It  was  found  that 
large  numbers  of  Cytodites  were  present  in  the  ventricles  of  the  heart, 
and  they  were  naturally  supposed  to  have  caused  the  inflammation. 
Williams  also  believed  that  the  mites  cause  the  death  of  fowls  in  some 
manner  or  other,  but  no  evidence  is  given  of  any  lesion  or  definite 
pathological  symptoms  caused  by  Cytodites. 

The  distribution  of  the  mite  is  a  very  general  one.  It  has  been 
studied  in  France,  Germany,  Italy,  Switzerland,  England,  and  the 
United  States,  and  it  is  probably  to  be  found  in  nearly  every  place 
where  poultry  is  raised.  In  the  United  States  it  has  been  reported 
from  a  number  of  localities  and  has  been  studied  by  several  observers. 

An  important  problem  in  connection  with  the  study  of  this  mite 
has  as  yet  not  been  definitely  settled.  This  problem  concerns  the 
method  of  the  introduction  of  the  mite  into  the  body  of  the  fowls  and 
therefore  its  transmission  from  fowl  to  fowl.  The  prevalence  of 
Cytodites  within  the  air  passages  of  fowls  would  suggest  at  once  that 
its  entrance  into  the  body  took  place  through  the  trachea.  From  the 
air-sacs  it  could  most  easily  make  its  way..through  the  thin  walls  of  thp. 
air-sacs  into  the  body  cavity.     The  presence  of  the    mite   in    the  bond 
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cavity  proper  renders  it  necessary  to  suppose  that  Cytodites  has  the 
power  of  penetrating  animal  membranes.  The  body  cavity  is  coin- 
plcteiy  closed  and  entrance  to  it  could  only  be  made  by  means  of 
piercing  the  peritoneum  at  one  point  or  another.  So  far  as  is  known 
to  the  writer,  Cytodites  has  never  been  found  in  the  digestive  canal 
and  it  seems  rather  improbable  that  even  if  the  mites  were  swallowed 
with  food  material,  they  could  penetrate  through  the  walls  of  the  in- 
testine and  reach  the  body  cavity  by  this  method. 

Cytodites  seems  to  be  very  poorly*  adapted  to  forcing  its  way 
through  animal  membranes  or  tissues.  The  movements  of  the  mite 
are  rather  clumsy  and  sluggish,  although  at  times  they  manifest,  con- 
siderable activity.  The  feet,  as  already  indicated,  are  not  furnished 
with  hooks  or  claws  and  the  snout  is  not  sharp  or  adapted  for  pene- 
trating animal  tissue.  It  is  readily  seen,  therefore,  that  the  presence 
of  mites  within  the  ventricles  of  the  heart,  as  reported  by  Edgar,  is 
entirely  unexplained.  While  there  seems  to  be  no  good  reason  for 
doubting  the  accuracy  of  Edgar's  observations,  it  is  certainly  im- 
possible to  understand  by  what  method  the  mites  gain  this  position  in 
the  body.  The  ability  to  penetrate  the  arterial  walls  would  seem  to 
be  almost  excluded  by  the  anatomy  of  the  mite.  Furthermore,  it  is 
difficult  to  understand  how  the  mites,  even  after  they  have  gained  ac- 
cess to  the  heart,  could  maintain  their  position  within  the  ventricles. 
With  no  means  of  holding  on  to  the  surface  of  the  membranes  except 
by  the  terminal  suckers  of  the  feet,  one  would  naturally  suppose  that 
the  mites  would  be  swept  out  of  the  heart  in  the  blood  current  and 
that  upon  arriving  at  the  smaller  arterial  branches,  they  would  ob- 
struct the  circulation  and  thus  cause  the  death  of  the  fowl.  The 
presence  of  the  mite  within  nodules  of  the  liver  and  kidneys  is  also  to 
be  considered  a  quite  exceptional  one. 

While  making  a  study  of  this  mite,  the  writer  killed  and  examined 
about  150  fowls  which  were  diseased  and  which  in  general  manifested 
symptoms  similar  to  those  which  Williams  claimed  were  indicative 
of  infestation  by  Cytodites.  Only  five  out  of  this  number  of  fowls  were 
infested  with  the  mite  and  in  each  one  of  these  cases  the  fowl  exhibited 
pathological  conditions  which  were  evidently  not  connected  in  any 
^gf  nse  with  Cytodites,  but  which  were  quite  sufficient  to  account  for  the 
ygy^ased  state  of  the  fowls.     In  the  one  case  the  fowl  was  infested  with 
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an  unusually  large  number  of  intestinal  nematodes.  In  three  cases 
the  fowls  were  badly  affected  with  tapeworm  disease  of  the  intestine, 
or  taeniasis.  In  the  remaining  case  the  small  intestine  exhibited  num- 
erous nodules  in  its  walls,  these  nodules  being  due  to  the  presence  of 
tapeworms,  and  besides  this  taeniasis  the  hen  was  affected  with  gener- 
alized tuberculosis,  great  numbers  of  nodules  being  found  in  the  sub- 
stance of  the  liver,  spleen,  and  kidneys.  No  Cytodites  were  to  be 
found  within  the  nodules  either  in  the  walls  of  the  intestine  or  of  the 
other  internal  organs.  The  mites  were  found  crawling  about  upon  the 
surface  of  these  nodules,  but  there  was  no  lesion  in  these  surfaces  and 
no  indication  that  Cytodites  was  directly  connected  with  the  produc- 
tion of  the  nodules. 

Quite  accidently  the  writer  discovered  a  great  number  of  the  mites 
in  perfectly  healthy  fowls.  Two  hens  which  were  bought  tor  food  were 
thoroughly  infested  with  Cytodites.  The  hens  werd  fat  and  in  excel- 
lent condition,  although  the  mesenteries,  especially  about  the  stomach 
and  liver,  were  simply  covered  with  masses  of  crawling  Cytodites. 

From  the  observations  which  have  already  been  recorded  concern- 
ing this  mite,  it  is  apparent  that  statements  concerning  its  econon^c 
importance  must  be  made  under  qualifications.  As  an  example  of  the 
necessity  of  these  qualifications  we  need  only  consider  the  fact  that 
Williams  from  a  short  study  which  he  made  of  the  mite  in  Montana 
believed  it  to  be  the  most  common  and  important  enemy  of  poultry, 
and  even  went  so  far  as  to  state  that  Cytodites  renders  impossible,  or 
at  least  unprofitable,  the  raising  of  poultry  in  the  greater  part  of  the 
State.  By  virtue  of  persistant  search  and  with  the  aid  of  several  poul- 
try raisers,  the  writer  was  able  to  find  only  five  cases  of  fowls  infested 
with  this  mite  during  the  three  years'  time  that  the  mite  was  under 
study.  In  the  case  of  the  two  healthy  hens  just  referred  to,  since  the 
mites  were  present  m  immense  numbers,  it  seemed  necessary  to  con- 
clude that  they  had  been  in  the  body  cavity  fof  a  considerable  time, 
probably  some  months.  This  being  the  case,  it  follows  that  mites  may 
be  present  in  the  body  cavity  of  fowls  in  large  numbers  and  for  a  con- 
siderable length  of  time  without  causing  any  lesions  or  diseased  con- 
ditions whatever,  It  is,  therefore,  probable  that  Cytodites  is  of  no 
great  economic  importance  in  so  far  as  the  direct  results  of  its  presence 
in  the  bodies  of  fowls  is  concerned.  It  is  likely,  as  already  indi- 
cated^ that  the  mite  occurs  in  nearly  all  parts  of  the  United  States  and 
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could  undoubtedly  be  found  in  many  healthy  fowls  by  a  close  examina- 
tion. In  stating  the  belief  that  Cytodites  is  not  economically  import- 
ant, it  is  not  our  intention  to  discredit  the  work  of  Holzendorff,  Taylor, 
Edgar,  and  Theobald,  who  reported  having  found  the  mite  imbedded 
in  tissue  or  inside  of  vital  organs.  If  these  observations  were  correctly 
made,  Cytodites  under  those  circumstances  must  certainly  cause  disease 
or  death,  but  it  is  probable  that  such  cases  are  very  exceptional  and 
that  Cytodites,  when  found  upon  the  peritoneum  or  in  the  air-sacs  of 
fowls,  lives  simply  upon  the  serous  food  of  these  membranes  and 
causes  no  direct  injury  by  its  presence. 

In  connection  with  the  infestation  of  fowls  by  Cytodites  it  may  be 
worth  while  to  suggest  that  perhaps  this  mite,  while  not  the  cause  of 
a  specific  disease,  may  be  instrumental  in  carrying  pathogenic  organ- 
isms from  fowl  to  fowl  and  may  thus  help  to  distribute  contagious 
diseases  in  a  manner  somewhat  similar  to  tliat  which  has  been  shown 
to  be  true  of  many  insects  and  related  Arthropods. 

The  mites  when  present  m  the  trachea  in  considerable  numbers, 
may  produce  irritation  and  coughing  by  the  fowls.  The  Cytodites 
wcfuld  thus  be  thrown  out  upon  the  ground  and  might  be  eaten  by 
other  fowls.  In  case  of  an  outbreak  of  a  contagious  chicken  disease, 
the  Cytodites  might  thus  contribute  to  a  considerable  extent  to  the 
spreading  of  the  disease.  It  would  at  any  rate  seem  reasonable  to 
suppose  that  Cytodites  which  came  from  the  lungs  or  air  passages  of 
fowls  affected  with  diptheritic  roup  or  avian  tuberculosis  might  readily 
become  the  carriers  of  these  diseases.  It  is  probable  that  the  organ- 
isms of  leukaemia  and  chicken  cholera  could  be  carried  in  the  same 
way. 

In  experiments  made  by  the  writer,  Cytodites  did  not  exhibit  much 
power  of  resisting  desiccation,  but  it  was  found  that  they  could  live  for 
at  least  four  days  outside  of  the  body  of  fowls,  and  they  were  easily 
kept  alive  for  two  days  in  a  normal  salt  solution.  The  mites  remain 
alive  in  the  dead  body  of  fowls  for  at  least  24  hours,  and  in  case  these 
bodies  were  eaten  by  other  fowls,  the  mite  would  be  transmitted  to 
these  other  fowls. 

The  systematic  position  and  the  anatomical  character  of  Cytodites 
have  been  so  thoroughly  discussed  by  European  writers  on  the  subject 
that  it  hardly  seems  advisable  to  add  anything  in  this  line. 
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As  a  remedial  measures  which  should  be  adapted  with  reference 
to  this  mite,  it  should  be  stated  that  no  direct  remedy  could  have  any 
effect  in  removing  the  mites  from  the  body  of  the  fowls  and,  as  already 
indicated,  if  they  are  in  the  usual  situations  in  the  body,  the  mites 
would  probably  produce  no  diseased  conditions.  The  attention  of  the 
poultry  raiders  is  to  be  directed  entirely  to  preventive  measures. 
Various  methods  of  disinfection  of  poultry  houses  which  have  been 
recommended  as  serviceable  in  case  of  infestation  by  other  mites  and 
chicken  insects,  would  be  equally  effective  if  used  against  Cytodites. 
The  possibilitiy  of  this  mite  causing  occasional  slight  losses  of  poultry 
merely  gives  an  additional  reason  for  keeping  poultry  houses 
and  yards  clean  and  for  making  occasional  thorough  applications  of 
disinfectant  methods  of  known  value. 

The  literature  relating  to  Cytodites.  so  far  as  known  to  the  writer, 
•s  brought  together  in  the  following  brief  summary: 

LITERATURE  ON  CYTODITES  NUDUS. 

Berlese,  A.  Acar.  Myr.  Scor.  1879,  fasc.  84,  No.  7. 

Canestrini,  G.  Pros.  Acar.,  5  (1893),  p.  566. 

Edgar,  W.  A.  A  new  (?)  parasitic  disease.  Veterinarian,  59 
(1886),  pp.  409,410,  figs.  3. 

Gerlach.  Einige  neue  Parasiten  bei  den  Hausthieren.  Mag.  f. 
die  gesammte  Thierheilk.,  25  (1859),  No.  i,  pp.  232-255,  pi.  1. 

Holzendorff.     Arch.  Wiss.  u.  Prakt.  Thierh.,  1885,  p.  304. 

Megnin,  P.  Les  acariens  parasites  du  tissu  cellulaire  et  des  res- 
ervoires  aeriens  chez  les  oiseaux.  Jour,  de  Ant.  and  Physiol.,  15  (1879), 
pp.  123-153,  pis.  2. 

Megnin,  P.  Memoir  presente  a  la  reunion  des  Societes  Savantes 
a  la  Sorbonne,  1876. 

Megnin,  P.  Monographie  de  la  tribu  des  Sarcoptides  psoriques 
etc.     Rev.  et  Mag.  de  Zool.,   1887. 

Megnin,  P.  Les  Parasites  et  les  maladies  parasitaires  chez 
I'homme  et  les  animaux  domestiques,  etc.     Paris,  1880. 

Neumann,  L.  G.  Treatise  on  the  parasites  and  parasitic  dis- 
eases of  the  domesticated  animals.  Trans,  by  G.  Fleming.  London, 
1892. 

Osborn,  H,  Insects  affecting  domestic  animals.  U.  S.  Dept. 
Agr.,  Division  of  Entomology  Bui.  5,  n.  s. 
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Paulicki.  MHben  in  den  Luftsacken  einer  Goldfasanhenne. 
Wien.  Med.  Wchnschr.,  19  (1869),  p.  993. 

Perroncito.     Parassiti  p.  429. 

Piana,  G.  P.  Ricerche  sopra  una  epizoozia  dei  gallinacei  osser- 
vata  nella  Provincia  di  Bologna.  Gaz,  Med.  Vet.  Naples,  6 
(1876),  Nos.  3  and  4,  pp.  257-282,  pis.  2. 

Raillet,  A.     Traite  do  zoologie  medicale.     Paris,  1895. 

Riley,  C.  V.     Amer.  Nat.,  17  (1883),  pp.  422,423. 

Rivolta,  S.  and  Delparato,  P.  L'Ornitojatria  o  la  medicina  degli 
uccelli  domestici  e  semidomestici.     Pisa,  1879,  p.  508,  pis.  4. 

Taylor,  T.  Internal,  parasites  in  the  common  fowl.  Proc.  Amer. 
Soc.  Micros.,  1883,  pp.  131-133,  figs.  2. 

Intestinal  parasites  in  domestic  fowls.  Sci.  Amer.,  49  (1883),  p. 
212. 

Salmon,  D.  E.     Diseases  of  poultry.     Washington,  1899. 

Taylor  T.  Sci.  Amer.  Sup.  18  ( 18841  p.   7414. 

Theobald,  F:  V.     Parasitic  diseases  of  poultry,  London,  1896. 

Vizioli,  F.  Osservazioni  microscopische  sopra  alcuni  noduli 
sottocutanei  dei  polli  e  descrizione  di  un  unovo  genere  di  acaridei  par- 
asita  degli  uccelli.  Gior.  Anat.  Fisiol.  Pato  Animali  i  (1869),  pp. 
257-271,  pi.  I. 

Wilcox,  E.  V.  The  internal  chicken  mite  {Cytodites  nudus^^ 
Jour.  Comp.  Med.  and  Vet.  Arch.,  19  (1898),  No.  8,  pp.  523-526. 

Williams,  W.  L.     Amer.  Vet.  Rev.  April,    1898. 

Zundel,    A.       La    Phthiriase   interne.     Jour.  Med.  Vet.  Lyon,  20 

(1864),  pp.  565-573- 

Zurn.     Die  Krankheiten  des  Hausgeflugels.     Weimar,  1882. 

Zschokke,  E.  Schweitzer-Arch.  Thierh.,  26  (1884),  No.  i,  pp. 
20-25,  figs.  3. 
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Lupines  as  Plants  Poisonous  to  Stock. 


The  lupines  constitute  a  genus  of  plants  which  belongs  to  the 
family  of  legumes  and  has  a  wide  distribution  over  the  surface  of  the 
earth.  In  the* United  States  these  plants  are  most  numerous  and  well 
developed  in  the  western  portion  of  the  country,  especially  in  the 
Rocky  Mountain  and  Pacific  coast  regions.  .  The  genus  includes  a 
considerable  number  of  species  in  the  United  States,  but  the  species 
which  is  most  common  and  of  greatest  economic  importance  in  Mon- 
tana is  Lupinus  Uucophyllus,  This  species  may  be  briefly  described  as 
follows;  The  plant  grows  to  a  height  varying  from  6  inches  to  3  or  4 
feet  and  develops  a  corresponding  variation  in  horizontal  spread,  de- 
pending upon  the  soil  and  other  conditions  of  its  surroundings.  The 
stems  of  the  lower  leaves  are  much  elongated,  so  as  to  bring  the  leaves 
themselves  nearly  up  to  a  level  with  the  other  leaves  which  are  attached 
higher  up  upon  the  stem.  Each  leaf  is  compound  in  a  digitate  manner, 
being  made  up  of  from  seven  to  ten  oblong  wedge-shaped  leaflets  all 
arising  from  the  same  point.  The  plant  is  hairy  throughout,  the  hairs 
upon  the  stem  and  leaves  being  so  close  together  and  of  such  length 
that  the  plants  are  thereby  given  a  grayish  color  which  obscures  the 
green  to  a  greater  or  less  extent.  The  hairiness  of  the  plants  varies  to 
a  greater  or  less  extent,  depending  upon  the  weather  and  soil  condi- 
tions. In  damp  situations  the  plants  appear  a  darker  green 
and  are  not  so  hairy,  while  in  dry  situations  the  green  of  the  leaves  is 
more  obscured  by  the  excessive  development  of  plant  hairs.  The 
plants  branch  diffusely,  but  the  largest  and  most  important  raceme  of 
flowers  are  of  a  bluish  color  and  from  three  to  five  lines  in  length. 
Occasionally  individuals  are  seen  with  white  or  pink  flowers,  but  the 
prevailing  color  is  a  shade  of  blue.  The  flowers  are  arranged  in  dense 
terminal  clusters  or  racemes,  and  during  the  flowering  season  the  lu- 
pine constitutes  in  many  parts  of  the  State  a  conspicuous  and  beauti- 
ful feature  of  the  landscape. 

The  common  species  of  lupine  in  Montana  ordinarily  grows  in  lo-  ■ 
calities  where  the   soil    is   slightly   moistened  by   seepage.       Lupifies 
reach  a  luxuriant  growth  and  development  along  irrigation  ditches  and 
it  is  plain,  therefore,  that  a   considerable   quantity  of  water  is  not  un- 
favorable to  their  growth.       In   many   areas  which  are  in  their  natural 
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condition  and  have  been  thus  far  undisturbed  by  man,  the  lupines  com^ 
pletely  cover  the  ground  and  thus  furnish  a  forage  crop  of  considerable 
importance. 

Before  discussing  in  any  detail  the  value  of  lupine  as  a  forage 
crop,  or  as  green  manure,  or  the  possible  danger  arising  from  their 
use  as  fodder  on  account  of  their  i)oisonous  properties,  ft  seems  advis- 
able to  call  attention  to  certain  common  mistakes  concerning  the 
identification  of  lupines.  One  frequently  notices  illustrations  of  species 
of  Astragalus  and  O.xytropis  which  are  called  lupines  or  loco  weeds 
indiscriminately,  and  agricultural  newspapers  have  frequently  confused 
the  loco  weeds  with  lupines,  or  have  referred  to  them 
as  being  the  same  spe^es.  This  confusion  of  different  species 
of  native  legumes  is  unfortunate,  especially  since  it  renders 
difficult  the  acquisition  of  any  accurate  data  concerning  these  plants  by 
stockmen.  If  the.  stock  owner  does  not  take  the  trouble  to  distinguish 
between  plants  of  such  different  appearance  as  the  lupine  and  the  ordi- 
nary loco  weed  {Astra^i^a/us  moiiissmus),  it  is  impossible  to  obtain  from 
him  reliable  information  concerning  the  use  of  these  plants  for  forage 
purposes  or  their  poisonous  effects  upon  domestic  animals. 

Lupines  have  not  been  cultivated  as  forage  crops  in  the  United 
States  to  any  great  extent.  The  California  station  has  been  experi- 
menting for  a  number  of  3^ears  with  various  European  and  native 
species  of  lupines  for  the  purpose  of  determining  their  value  as  green 
manures  and  also  their  forage  value.  Aside  from  these  experiments, 
practically  nothing  of  importance  has  been  done  in  this  country.  In 
Europe  a  considerable  number  of  species  have  been  cultivated  ever 
since  the  beginning  of  the  Christian  era.  The  plants  have  been  culti- 
vated as  forage  crops  for  domestic  animals,  and  the  seeds  have  been 
used  as  food  for  man  and  domestic  animals.  The  old  Latin  and  Greek 
writers  refer  to  the  medicinal  and  poisonous  principles  contained  in  lu- 
pine seeds  and  also  to  the  use  of  the  plants  as  fodder.  More  or  less 
extended   references    to    lupines   are   made    in    the    writings    of  Cato, 

• 

Columella,  Dioscorides,  Palladius,    Pliny,    Varro,    and   Theophrastus. 

The  Latin  authors  referred  to  the  plant  by  its  present  botanical  name, 
Ltipinus,  but  the  Greek  name  for  the  plant  was  Thermos.  The  seeds 
have  been  used  for  medicinal  purposes,  and  even  in  Pliny's  time  we 
find  that  lupine  was  recommended  as  beneficial  in  thirty-uvc  medicinal 
ways.  In  modern  times  the  seeds  have  been  used  for  diuretic  and 
anthelmintic  purposes. 
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The  literature  relating  to  lupines  as  forage  and  food  plants  and  as 
plants  poisonous  to  stock  is  very  extensive.  The  writer  has  consulted 
a  list  of  not  less  than  300  titles  which  include  all  possible  uses  and  re- 
lationships of  lupines.  The  greater  part  of  the  recent  more  valuable 
work  on  lupines  has  been  done  by  the  Germans  and  Italians.  A  con- 
siderable part  of  this  work  consists  in  extensive  analyses  of  the  seeds 
of  lupines  at  different  stages  and  of  the  other  parts  of  lupine  plants. 

Several  poisonous  alkaloids  have  been  extracted  from  lupines,  of 
which  may  be  mentioned  the  three  most  important,  lupanin,  lupinin/ 
and  lupinidin.  There  is  a  large  amount  of  technical  ciiemical  literature 
upon  the  methods  of  extraction  of  these  alkaloids  and  upon  the  physi- 
cal and  chemical  characters  of  the  alkaloids. 

r 

It  has  been  recognized  since  the  time  of  Pliny  that  lupine  seeds 
contain  poisonous  principles,  and  methods  were  devised  even  in  his 
time  for  the  extraction  of  these  poisonous  principles  or  the  disembit- 
tering  of  the  lupine  seeds  as  it  is  called  at  present.  These  methods 
were  at  first  crude,  consisting  in  the  mere  boiling  of  the  seeds  in  pure 
water  or  water  and  ashes  and  the  pouring  off  of  this  water.  In  recent 
times  numerous  more  elaborate  methods  have  been  devised,  many  of 
which  have  been  patented,  for  the  disembittering  of  lupine  seeds. 

The  poisonous  effects  of  lupines  upon  stock,  especially  upon  sheep, 
have  been  studied  extensively  in  Germany  and  Italy,  and  the  symp- 
toms have  become  so  well  known  and  are  so  constant  and  uniform  that 
the  disease  caused  by  the  lupine  poisoning  has  been  called  lupinosis. 
Where  sheep  are  fed  upon  small  quantities  of  lupine  for  a  considerable 
time,  they  finally  show  symptoms  of  jaundice,  but  these  symptoms  are 
notapparent  in  cases  which  develop  more  rapidly  from  the  eating  of 
large  quantities  of  lupines  at  a  few  feedings.  In  Germany  the  loss  of 
sheep  from  lupine  poisoning  is  a  serious  matter,  whole  herds  being 
affected  simultaneously.  The  symptoms,  as  described  by  Dr.  Dam- 
mann,  arc  congestion  of  the  head  and  violent  excitement  which  results 
in  butting  the  head  against  various  objects  until  general  spasms  result. 
Vertigo  and  an  increase  in  the  rapidity  of  the  respiration  and  pulse  are 
noticed  in  acute  cases. 

The  writer  has  had  occasion  to  observe  a  number  of  cases  in  Mon-' 
tana  which  were  in  all  probability  due  to  lupine  poisoning.  These 
cases  were  mostly  confined  to  sheep,  but  *a  few  horses  were  among  the 
observed  cases  of  lupine  poisoning.     It  may   be  well    to   relate  a  few 
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facts  by  way  of  history  of   these   cases  in   order  that  the  stock  grower 
may  have  the  evidence  before  him. 

A  stock  grower  in  Madison  Valley  had  a  band  of  200  bucks  which 
he  had  been  feeding  upon  cultivated  varieties  of  hay  until  this  hay  was 
exhausted.  The  bucks  were  then  fed  upon  lupine  hay  during  the  af- 
ternoon, and  in  the  evening  of  the  same  day  the  sheep  manifested 
symptoms  which  were  at  first  not  well  understood  by  the  owner.  The 
sheep  were  at  the  time  enclosed  in  a  strong  corral  and  were  found  in 
the  evening  to  be  in  a  state  of  great  excitement,  butting  one  another 
and  the  posts  of  the  corraL  About  one-half  of  these  bucks  died  during 
the  night.  The  owner,  suspecting  the  lupine  hay  of  causing  the  loss, 
bought  some  cultivated  variety  and  no  further  trouble  was  experienced 
among  this  band  of  sheep. 

In  the  latter  part  of  July,  a  sheep  owner  while  driving  a  band  of 
sheep  from  one  range  to  another,  allowed  them  to  stop  in  a  field  of 
lupine.  The  sheep  were  hungry  and  ate  voraciously  of  the  lupine, 
which  at  the  time  had  nearly  matured  its  seeds.  The  sheep  showed 
poisonous  effects  of  the  lupine  seeds  within  a  few  hours  and  nearly 
one-half  of  the  band  died  within  a  period  of  24  hours. 

During  the  autumn  snowstorms  of  1898,  extensive  losses  of 
sheep  occurred  which  were  in  most  instances  referable  to  poisoning 
by  lupine.  In  the  Madison  Valley  about  150  sheep  died  from  this 
cause.  In  Cascade  County  the  losses  amounted  to  about  300  while  in 
the  Smith  River  Valley  the  deaths  from  lupine  poisoning  amounted  to 
nearly  2,000;  1,150  died  of  one  band  of  2,500.  The  cases  of  sheep 
losses  from  lupine  poisoning  which  happened  in  Madison  Valley  were 
reported  to  the  writer  by  the  owners  of  sheep  who  presented 
specimens  of  the  lupine  for  identification.  In  the  case  of  the 
losses  which  occurred  in  Cascade  County,  the  sheep  being  fed  wild  hay 
and  this  hay  being  suspected  of  causing  the  death  of  the  sheep,  a  con- 
siderable quantity  of  it  was  forwarded  to  the  station  for  examination. 

The  hay  was*  composed  largely  of  lupine  with  an  occasional  plant  of 
wild  geranium  and  sage.  The  station  received  the  stomach  contents 
of  a  number  of  sheep  which  died  in  the  Smith  River  Valley,  and  it  was 
found  that  they  contained  large  quantities  of  lupine  pods  and  a  con- 
siderable number  of  the  seeds.  Lupine  grows  abundantly  on  the 
ranges  where  the  sheep  were  at  the  time  of  the  poisoning  and 
there  seemed  to  be  little  rAson  to  doubt  the  agency  of  lupine  in 
the  case. 
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During  the  same  winter  a  few  young  horses  near  Great  Falls  were 
taken  in  from  the  range  and  fed  upon  wild  hay.  They  soon  manifested 
serious  symptoms  of  sickness  and  two  of  them  died.  The  stomack 
cohtei^ts  of  one  were  forwarded  to  the  station  for  examination,  with 
.the  result  that  lupine  was  found  in  the  stomach  in  large  quantities. 
During  the  same  autumn  a  horse  which  had  been  imported  from 
the  East  into  Bozeman  was  fed  with  lupine  hay  and  developed 
symptoms  of  serious  poisoning  within  a  few  hours  after  eating  the 
hay.  The  owner  was  advised  not  to  feed  any  more  of  this  hay,  and 
the  horse  finally  recovered  from  the  attack.  The  symptoms  in 
this  last  mentioned  case  were  rapid  pulse,  difficult  respiration,  and 
involuntary  muscular  movements. 

It  is  well  known  that  lupine  is  used  to  a  considerable  extent  as  hay 
in  tjj^e  State  and  that  under  some  circumstances  it  seems  not  to  be 
harmful.  In  many  parts  of  the  State,  stock  raisers  cut  tons  of  practi- 
cally pure  lupine  for  hay.  It  grows  in  many  situations  as  already  in- 
dicated, to  a  considerable  height  and  covers  the  ground  completely. 
A  heavy  crop  of  this  plant  may,  therefore,  be  secured  for  hay.  Prob- 
ably not  less  than  5,000  tons  of  lupine  hay  are  made  annually  within 
the  State.  It  is  eaten  readily  by  domestic  animals,  even  young  calves 
devouring  completely  the  hard  woody  stems  of  the  larger  plants^  along 
with  the  foliage  and  flower  clusters.  Such  analyses  as  have  been -made 
of  the  plant  would  indicate  that  its  nutritive  properties  are  of  a  high 
order.  It  would,  therefore,  seem  to  be  a  valuable  forage  plant  provided 
that  the  danger  from  poisoning  could  be  avoided.  The  fact  that 
lupine  is  at  times  evidently  poisonous  and  at  other  times  harmless, 
renders  the  problem  more  difficult.  As  long  as  stock  raisers  can  ob- 
tain an  abundance  of  this  plant  for  hay  upon  their  ranches  with  a  very 
slight  expenditure  of  energy,  it  would  seem  of  doubtful  propriety  to 
recommend  the  entire  abandonment  of  this  practice. 

In  all  cases  of  poisoning  from  lupine  which  have  come  to  the  writ- 
er's attention,  the  plant  has  been  eaten  in  a  mature  condition.  When 
the  lupine  is  cut  before  the  ripening  of  the  seeds,  it  appears  not  to 
produce  any  poisonous  effects  upon  stock.  The  plants  are  less  woody 
if  cut  shortly  before  becoming  mature,  and  it  seems  therefore  ad- 
visable from  every  consideration  to  cut  the  lupine  at  about  the  time 
of  full  bloom,  and  by  all  means  before  the  ripening  of  the  seeds. 
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In  the  cases  of  poisoning  which  took  place  after  the  snowstorms, 

the  circumstances  were  as  follows:     The  short  grasses  and  other  edible 

• 

;^plants  of  the  range  were  covered  by  the  snow  and  the  only  plants  which 

remained  above  the  snow  were  lupines  and  sage  brush.  At  this  time 
of  the  year  the  lupines  contain  a  few  seeds,  although  perhaps  the  ma- 
jority of  the  seeds  have  already  fallen  to  the  ground.  An  examination 
of  lupine  plants  during  mid-winter  disclosed  the  fact  that  a  consider- 
able number  of  the  seeds  are  retained  in  the  pods  at  that  time,  al- 
though the  valves  of  the  pods  have  split  apart  and  twisted  to  a  consid- 
erable extent. 

The  only  experimental  work  in  feeding  lupines  in  this  country 
which  has  come  to  the  writer's  attention,  is  that  of  Dr.  Nelson  of 
the  Washington  station.  This  observer  fed  8^  pounds  of  lupine  to 
one  sheep  within  three  days  without  any  noticeable  effects.  The  ex- 
periment lasted  from  May  30  to  June  i,  inclusive.  Dr.  Nelson  does 
not  state  what  species  of  lupine  he  used  in  his  experiment.  Regarding 
this  experiment  it  is  perhaps  not  necessary  to  state  that  no  poisonous 
effects  would  be  expected  from  the  lupine  when  fed  so  early  in  the 
season.  The  seeds  at  that  time  of  the  year  co\ild  not  possibly  be 
ripe  and  it  is  well  known  from  numerous  observations  in  Europe  and 
this  country  that  the  other  portions  of  the  lupine  plant,  aside  from 
the  seeds,  contain  only  a  small  percentage  of  poisonous  principles. 
This  is  not  a  condition  which  is  peculiar  to  the  lupine,  for  it  is  well 
known  to  pharmacists  that  all  drugs  must  be  collected  at  certain  times 
of  the  year  or  in  certain  stages  of  growth  in  order  to  obtain  the  active 
principles  which  are  desired  in  those  plants.  The  poisonous  and 
medicinal  properties  of  plants  are  not  usually  present  in  equal  strength 
in  different  parts  of  the  plant  and  at  some  stages  of  growth  are  not 
present  at  all,  or  in  the  merest  traces.  Extensive  series  of  analyses 
which  were  made  in  Germany  of  lupine  plants  during  the  various  stages 
of  growth  from  germination  to  the  maturity  of  the  seeds,  demonstrated 
that  lupine  furnishes  no  exception  to  these  general  conditions, and  that 
very  striking  and  important  changes  in  the  chemical  constitution  of  the 
plant  took  place  during  its  successive  periods  of  growth. 

No  chemical  analyses,  so  far  as  is  known  to  the  writer,  have  been 
made  of  American  species  of  lupine.  The  alkaloids  which  they  con- 
tain are,  therefore,  not  known  with  certainty. 
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The  condition  of  the  lupine  problem  may,  therefore,  be  stated  as 
follows:  In  European  countries  the  native  species  of  lupine  have  been 
found  to  be  poisonous  to  man  and  domestic  animals.  The  poisonous 
principles  have  been  extracted  and  described  as  to  their  physical, 
chemical,  and  medicinal  properties.  Experiments  have  been  conducted 
in  feeding  these  alkaloids  to  animals  and  results  have  been  thus 
produced  which  are  identical  with  poisoning  under  natural  conditions. 
Various  methods  have  been  devised  for  the  extraction  of  the  poisonous 
principles  upon  a  large  scale  and  in  an  economic  way.  In  this  coun- 
try it  IS  known  that  sheep,  cattle,  and  horses  feed  upon  lupines  iu  the 
growing  condition  and  as  hay.  It  has  also  been  observed  that  serious 
cases  of  poisoning  and  death  result,  especially  among  sheep,  from 
eating  lupines  when  in  a  mature  condition.  It  seems,  therefore, 
highly  probable  that  detailed  chemical  analyses  of  American  species 
of  lupine  will  demonstrate  the  presence  of  poisonous  alkaloids  similar 
to  those  already  extracted  from  European  species. 

The  literature  of  the  subject  is  almost  entirely  of  European 
origin  and  is  so  extensive  that  only  a  few  of  the  more  important 
European  articles  are  mentioned. 

Callsen,  J.  Ueberdie  Alkaloide  derSamen  von  Lupinus  angusti- 
folius  und  von  L.  perennis  var.  polyphyllus.  Arch.  Pharm.  237 
(1899),  No.  8,   pp.   566-595. 

Dammann.  Ueber  Schafheerden-Erkrankungen  durch  Lupinen. 
Deut.  Ztschr.  Thiermed.,  3  (1877;,  pp.  353-367. 

Davis,  L.  S.  Ueber  die  Alcaloide  der  Samen  von  Lupinus  albus 
und  L.  angustifolius.   Inaug.   Diss.,  Marburg,  1896. 

Davy,  J.  B  Lupines  for  green  manuring.  California  Sta.  Bui. 
124. 

Kette,  W.     Die  Lupine  als  Feldfrucht.     Berlin,  1891,  pp.  124. 

Nelson,  S,  B.  Feeding  wild  plants  to  sheep.  U,  S.  Dept.  Agr., 
Bureau  of  Animal  Industry  15th  Annual  Rpt. 

Steiner,  L.  Ueber  Entbitterung  und  Entgiftung  der  Lupinen- 
korner.     Inaug.  Diss.  Halle,  1894,  pp.  32. 

Wilcox,  E.  V.  Sheep  poisoning.  Rocky  Mountain  Husbandman, 
October  27,  1898. 

About  80  articles  dealing  exclusively  with  the  alkaloids  of  lupine 
seeds  have  been  published  by  the  following  authors:  G.  Baumert,  G. 
Gampani,  L.  S.  Davis,  H.  Ritthausen,  E.  Schulze,  A.  Soldaini,  and 
E.  Steiger. 
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In  bibliographical  references  accompanying  articles  on  lupines, 
one  notices  occasional  titles  on  lupulin  and  lupinella.  Lupulin  is  an 
alkaloid  from  the  hop  and  lupinella  is  the  Italian  name  for  sanfoin. 

Atwater.   W.  O.  and  Woods,  C.   D.     Atmospheric  nitroj^cn  vl»  plaut  food. 
Counecticut  Storrd  Sla.  Hul.  5,  pp    18. 

Blount,  A.  £.    £xperiments  wiih  lield  crops  at  New  Mexico  Station.    New 
Mexico  Sta.  Bui.  6,  pp.  ID. 

Breninger,  G.  F.    Report  of  the  Divide  Substation.    Colorado  Sla?  Rpt.  1892. 
pp.  61-69. 

Cassidy.  J.   aqd  O'Brine,   D.     Some  Colorado  grasses  and  their  chemical 
analysis.    Colorado  Sta.  Bui.  12,  fip.  151. 

Dyer,  H.  P.    Some  California  weed  seeds.     California  Sta.   Rpt.   1890,   pp. 
252-266. 

Goessmann,  C.  A.    Field  experiments.     Mass&chtisetts  State  Sta.  Rpt. -1889, 
pp.  148194. 

Goessmann,  C.  A.    Experiments  with  lield  and  garden  crops.    Massachusetts 
Slate  Sta.  Rpt.  1890,  pp.  169-186. 

Goessmau,  C.  A.     Field  experiments.    Massachusetts  State  Sia.  Rpt.  1891 1 
pp.  180-217. 

Gocssmann,  C.  A.    Field  experiments.    Massachusetts  State  Sta.  Rpt.  1892, 
pp.  170-212. 

Goessmann,  C.  A.    Ou  fodder  articles  and  fodder  supplies.     Massachufeetta 
State  Sta.  Bui.  45.  pp.  15. 

Goossman.  C.  A.    Kxperimeuts  with  forage  plants.    Massachusetts  Stale  Sta. 
Rpt.  1893,  pp.  212-219,  pis.  4. 

(Tne.<:.snmn,  C.  A.  Forage  crops.  Massachu.setts  State  Sta.  Rpt.  1894,  pp. 
231-256.  262,  263 

Halsted,  B.  D.  Report  on  fungus  diseases  of  plants.  New  Jersey  Stas. 
Rpt.  1891.  pp.  233  340,  tij^s  24. 

Hilgard,  K.  W.     Weeds  of  California.    California  Sta.  Rpt.  1890.  pp.  238  252. 

Johnson.  S.     Forajje  plauts.     Michigan  Sla.  Bui.  47.  pp.  42-45. 
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Cattle  Poisoning  by  the  Tall  Larkspur. 


Two  species  of  larkspur  are  common  and  conspicuous  plants  in 
Montana.  The  smaller  species,  Delphinum  menziesii,  has  already  been 
discussed  in  Bulletin  15  of  this  station.  The  other  common  species, 
which  is  for  convenience  called  the  tall  larkspur,  is  also  mentioned  in 
Bulletin  15  under  the  nanne  oi  D.g/auct^/n.  This  specific  name,  how- 
ever, is  perhaps  better  retained  as  a  mere  variety  of  D.scopulorum^  and 
the  common  tall  larkspur  of  Montana  is,  therefore,  referred  to  in  the 
present  discussion  under  the  name  />.  scopulorum.  In  many  parts  of 
the  State  this  plant  is  commonly  known  as  aconite,  the  smaller  species 
of  larkspur  being  called  simply  larkspur.  Larkspur  and  aconite,  how- 
ever, belong  to  two  distinct  genera  and  the  native  species  of  aconite 
in  the  State  has  a  rather  limited  distribution,  being  found  for  the  most 
part  at  high  altitudes  in  Gallalin  County  in  the  vicinity  of  the  Yellow- 
stone Park. 

The  tall  larkspur  grows  to  a  height  of  from  2  to  6  feet,  depending 
upon  the  moisture  and  richness  of  the  soil.  The"  leaves  are  nearly 
circular  in  general  outline.  They  are  parted  into  three  to  five  divisions 
and  these  divisions  are  again  cleft  two  or  three  times,  the  ultimate  sub- 
divisions of  the  leaves  being  cut-toothed.  The  plant,  as  a  whole, 
varifes  from  a  smooth  to  a  rather  hairy  condition,  and  the  flowers  are 
nearly  always  silky-hairy  on  the  outside.  The  flowers  are  of  the  same 
shape  as  those  of  other  species  of  larkspur  and  are  borne  in  a  long 
terminal  raceme.      The  color  of  the  flower  varies  from  a  dark  blue  at 
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I  pale  blue  in  lower  altitudes,  or  even  to  a  nearly 
:  pods  of  the  tall  larkspur  arc  hairy  and  at  maturity 
n  stout  pedicils.  This  species  is  distributed  very 
State,  having  been  observed  in  Flathead,  Teton, 
,  Deer  Lodge,  Lewis  and  Clarke,  Jefferson,  Madison, 
rrass.  Park,  Yellowstone,  Carbon,  and  Meagher  coun-* 

all  altitudes  up  to  9,000  feet  or  more, 
litions  uuder  which  the  tall  larkspur  seems  to  flourish 
o   those   which   are  favorable  for   the   growth  of  the 
larkspur.       The    two  species,  however,   are    seldom 
;ether.     The  small  species  is  often  seen  in  cultivated 

been  allowed  to  run  fallow,  while  the  tall  larkspur  is 
h  situations.  The  latter  species  is  most  abundant  in 
leratc  amount  of  moisture.  It  is  usually  found  in 
in  company  with  the  common  wild  geranium  and 
iocs  not  occur  in  dry  situations  either  of  high  or  low 
jecies  seems  to  prefer  ^he  moist  ground  which  sur- 
fings upon  hillsides  or  at  the  sides  of  tlie  large  graz- 
lese  situations  It   grows  to   a   great   height,    and    is 

conspicuous  of  the  plants  which  are  found  in  such 

ipur  has  a  bitter  acrid  taste  which  is  exceedingly  dis- 
uman  palate,  and  if  cattle  were  not  actually  known 
:  would  seem  improbable  that  they  ever  did  so.  It 
matter  of  fact,  eaten  to  a  large  extent,  the  leaves  and 
;ing  greedily  devoured  and  partially  pulled  up  by  the 
■easons. 

of  1898,  the  writer  and  Dr.  Traphagen  investigated 
ttle  poisoning  which  occurred  in  the  Gallatin  Basin 
about  40  cattle  died.  It  was  found  upon  making  a 
!  that  the  tall  larkspur  grew  abundantly  in  the  places 
ad  been  feeding.  A  late  spring  snowstorm  had  oc- 
sred  up  the  grass  and  shorter  vegetation,  and  the 
It  the  time  stood  about  3  feet  in  height,  had  been 
3wn  to  the  ground.  The  cattle  without  exception 
n  the  patches  of  larkspur,  and  the  symptoms  which 
io  far  as  could  be  as  ertained  from  the  man  in  charge 
ilar  to  those  of  poisoning   by  the   smaller   species  of 
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larkspur.  The  owner  of  the  cattle  stated  that  he  had  frequently  lost 
cattle  under  similar  circumstances  and  with  similar  symptoms  and  that 
the  poisoning  usually  occurred  after  late  spring  snowstorms  when  the 
cattle  were  forced  to  eat  the  larkspur  which  was  the  only  green  thing 
above  the  snow. 

During  subsequent  extensive  trips  over  difierent  parts  of  the  State, 
the  same  condition  of  affairs  was  found  to  be  true.  Wherever  cattle 
^ere  allowed  to  range  in  native  pastures  upon  which  the  tall  larkspur 
grew,  a  few  cattle  died  nearly  every  spring  from  eating  this  plant.  The 
coincidence  of  dead  cattle  and  tall  larkspur  is  at  such  times  so  common 
that  it  was  noted  and  frequently  remarked  on  trips  over  the  State  that 
the  odor  of  dead  animal  in  the  majority  of  cases  indicates  the  presence 
of  tall  larkspur.  Such  was  found  to  be  the  case  on  repeated  examina- 
tion in  various  parts  of  the  State. 

It  is  not  believed  that  any  great  number  of  cattle  are  poisoned  by 
this  plant  during  any  single  spring,  but  the  sum  total  of  loss  from  the 
tall  larkspur  is  a  rather  serious  matter.  It  would  be  a  comparatively 
easy  matter  for  stock  owners  to  familiarize  themselves  accurately  with 
the  exact  localities  upon  their  ranges  where  this  species  is  found  and 
to  keep  the  cattle  away  from  such  places  during  the  dangerous  season. 

Dr.  Traphagen  called  the  writer's  attention  to  the  fact  that  in  some 
meadows  the  tall  larkspur  grows  rather  abundantly  with  the  ordinary 
grass  of  the  meadow,  and  it  is  therefore  cut  for  hay  along  with  the 
grass.  In  the  cases  of  this  sort  which  were  investigated,  it  was  found 
that  the  larkspur  constituted  a  small  part  df  the  hay,  and  it  is  probable 
that#)n  account  of  its  coarseness  it  would  be  avoided  by  cattle  in  the 
dry  condition. 

No  ultimate  chemical  analyses  have  been  made  of  this  plant,  but 
it  is  evident  from  the  large  number  of  cases  which  have  come  to  the 
writer's  attention  that  the  plant  is  equally  poisonous  with  the  small 
species  of  larkspur.  Usually  when  cattle  are  poisoned  with  this  plant, 
they  are  not  seen  in  time  to  be  saved  by  the  application  of  artificial  rem- 
edies. Almost  the  only  general  suggestion  that  can  be  made  in  con- 
nection with  the  avoidance  of  loss  from  this  plant  is  to  study  the 
ranges,  locate  the  areas  of  the  larkspur  and  keep  the  cattle  away  from 
such  places,  especially  after  spring  snowstorms. 


^ 


48  THE  MONTANA  EXPERIMENT  STATION. 


Poisoning  of  Stock  by  the  Water  Hemlock. 


* '  The  water  hemlock  belongs  to  the  parsnip  family  and  has  the  gen- 
eral appearance  of  the  wild  parsnip,  by  which  name  it  is  often  improp- 
erly known.  The  plant  is  perennial  and  grows  in  wet  or  marshy 
localities.  The  flowers  are  white  and  are  borne  in  a  terminal  flat-top 
umbel.  The  leaves  are  pinnately  compound  and  separate  leaflets  are 
sharply  serrate.  It  is  known  in  the  State  by  the  common  names  of ' 
water  hemlock,  water  parsnip,  and  wild  parsnip.  Its  scientific  name 
is  Cicuia  maculata. 

Cases  of  poisoning  of  man  and  domestic  animals  by  this  plant  have 
been  reported  from  a  number  of  States,  and  its  poisonous  character  is 
well  known  and  undoubted.  In  the  spring  of  1898  two  persons  mis- 
took the  plant  for  parsnip  and  ate  portions  of  the  root.  Both  men 
died  from  the  effects.  In  the  Smith  River  valley  the  plant  is  occasi- 
onally eaten  by  sheep,  with  fatal  results.  A  few  cases  cf  poisoning  of 
dairy  cows  by  water  hemlock  came  to  the  writer's  attention  during  the 
summer  of  1898.  The  symptotns  were  those  of  severe  pain  ac- 
companied by  cerebral  excitement  and  spasms.  In  one  case  the  cow 
lived  only  15  minutes  after  the  first  symptoms  of  poisoning.  In  the 
other  cases  the  paunch  was  opened  from  the  side  and  contents  removed, 
with  final  recovery  as  the  outcome. 

Very  little  can  be  done  by  the  way  of  direct  remedv  in  case  of  ser- 
ious poisoning  by  this  plant,  and  the  attention  of  stock  owners  is, 
therefore,  to  be  directed  to  the  eradication  of  the  plant  or  the  preven- 
tion of  stock  from  eating  it.  Water  hemlock  grows  only  along  s|^all 
streams  or  in  marshes.  Its  distribution  is,  therefore,  well  marked 
and  the  stock  owner  may  know  where  to  expect  its  presence.  It  would 
seem  possible  and  very  practicable  to  fence  in  areas  in  which  this  plant 
is  found  and  thus  prevent  cattle  from  eating  it  during  the  season  when 
it  is  green  and  tempting  as  a  forage  plant.  Later  in  the  season  cattle 
might  be  safely  allowed  to  pasture  in  these  marshy  areas.  The  ground 
would  then  be  drier  and  the  danger  from  water  hemlock  would  be  past. 


• 
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Ergotism  in  Horses. 


Everybody  is  familiar  with  the  small  black  spurs  which  are  so  of- 
ten seen  in  the  heads  of  rye  grass  and  many  other  grasses.  This  spur 
is  the  fruiting  mass  of  a  fungus  which  is  known  to  botanists  as  Claviceps 
purpurea^  and  is  commonly  known  as  ergot.  Ergot  has  been  found  on 
a  considerable  variety  of  cereals  and  grasses.  In  Montana  it  has  been 
observed  upon  blue  joint,  meadow  grass,  several  species  of  rye  grass, 
canary  grass,  and  Koeleria  crisiaia. 

Ergot  is  much  more  prevalent  during  some  years  than  others,  and 
during  years  of  its  greatest  prevalence,  it  assumes  an  economic  import- 
ance not  so  much  from  its  destructiveness  to  grains  as  from  the  danger 
to  domestic  animals  from  eating  it  upon  grasses. 

The  medicinal  effects  of  ergot  are  well  known.  It  is  frequently 
given  in  veterinary  practice  in  medicinal  doses,  but  in  excessive  quan- 
tities it  produces  a  number  of  serious  effects,  such  as  abortion  and 
gangrene  of  the  legs.  When  taken  in  repeated  small  doses,  it  has 
another  effect  to  which  reference  is  less  often  made.  This  may  be  de- 
scribed as  a  progressiva  paralysis  beginning  with  the  tongue  and  swal- 
lowing apparatus  and  finally  involving  the  whole  body.  This  effect  is 
referred  to  in  general  works  on  toxicology,  but  the  ordinary  meaning  of 
ergotism  as  a  disease  of  cattle  is  gangrene  of  the  legs  with  subsequent 
sloughing  of  the  skin  and  underlying  tissue  of  the  affected  parts.  A 
number  of  cases  were  observed  in  horses  which  were  to  all  appearances 
due  to  feeding  upon  wild  hay  which  was  infested  with  ergot.  The 
symptoms  which  were  manifested  were  as  follows:  It  was  first  noticed 
tlftit  the  animal  could  swallow  only  with  difficulty,  and  this  difficulty 
became  greater  and  greater  until  it  was  soon  impossible  for  the  animal 
to  swallow  either  water  or  hay.  There  was  manifested  a  general  de- 
pression of  the  vital  functions,  the  respiration  and  pulse  being  slow 
and  weak  and  the  sense  organs  being  less  responsive  than  usual.  The 
course  of  the  disease  was  usually  a  rapid  one  and  ended  in  the  majority 
of  cases  in  death  within  from  6  to  12  hours,  the  symptcms  during  the 
latter  stages  of  the  disease  being  those  of  a  general  and  aggressive 
paralysis  of  the  whole  muscular  system  and  a  muscular  inco-ordination. 
The  animal  would  lie  dcwn  and  get  up  rather  frequently  but  did  not 
show  any  excitement  nor  pain,  and  death  resulted  in  a  very  gradual 
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manner.  Upon  making  a  post  mortem  examination  it  was  found  that 
the  stomach  contained  considerable  quantities  of  blue  joint  which  was 
badly  infested  with  ergot,  numerous  spurs  of  ergot  being  still  undis- 
solved. It  was  found  upon  investigation  of  the  hay  which  was  fed  to 
these  horses  that  ergot  was  unusually  abundant. 

The  only  remedies  which  were  tried  in  combating  the  disease  were 
such  as  were  indicated  by  the  symptoms  and  were  confined  to  attempts 
to  combat  the  symptoms  as  they  appeared.  The  throat  was  blistered 
when  paralysis  of  the  pharynx  was  manifested  and  generally  stimulants 
were  applied,  such  as  whiskey  by  way  of  mouth  and  strychnine  hypo- 
dermically.  In  two  cases  recovery  took  place  after  about  two  days,  but 
in  all  other  cases  death  resulted  within  twelve  hours. 

It  is  the  custom  in  many  localities  to  cut  wild  blue  joint  and  rye 
grass  for  hay  to  be  fed  t(>  stock  during  the  winter.  These  two  grasses 
are  apt  to  be  infested  with  ergot  and  during  the  past  two  years  have 
been  infested  to  quite  an  unusual  degree.  It  would  seem  advisable 
that  these  grasses  be  cut  before  they  are  ripe  and  before  the  ergot  spurs 
are  formed,  in  order  to  prevent  the  bad  effects  of  overdoses  of  ergot. 
Wild  rye  grass  is  usually  avoided  by  stock  and  probably  not  eaten  when 
other  food  can  be  secured  in  proper  quantities.  When,  however,  this 
species  is  offered  as  hay  it  is  readily  eaten  by  horses,  and  if-badly  in- 
fested  with  ergot,  is  almost  certain  to  produce  more  or  less  serious 
symptoms  either  of  the  form  described  above  or  of  the  better  known 
form  of  gangrene  of  the  legs.  Two  cases  of  this  latter  form  were  ob- 
served and  in  both  of  these  cases  it  was  determined  by  inquiry  that  the 
horses  had  eaten  large  quantities  of  wild  rye  grass  which  was  badly  in- 
fested with  ergot.  It  was  impossible  to  discover  what  should  determine 
the  developV^ent  of  one  set  of  symptoms  in  one  case  and  of  another  set 
in  another  case.  There  seems,  however,  no  reason  to  doubt  that  the 
symptoms,  which  consisted  in  paralysis  of  the  throat  and  a  later  gen- 
eral paralysis  of  the  tx>dy  muscles,  were  due  to  the  eating  of  ergot  upon 
wild  grasses,  Loss  from  this  cause  may  be  easily  prevented  by  avoid- 
ing the  use  of  such  of  the  above  mentioned  grasses  as  hay  except  when 
they  are  free  from  ergot. 


Bulletin  2a.  POISONING  OF  CATTLE,  5^ 


The  Poisoning  of  Cattle  by  Smutty  Oat  Hay. 


Rather  extensive  studies  have  been  made  of  the  effects  of  corn 
smut  atid  varibus  moulds  upon  stock  when  eaten  in  considerable  quan- 
tity. Certain  investigations  have  shown  that  corn  smut  produces 
symptoms  in  cattle  which  have  been  called  the  cornstalk  disease.  Lit- 
tle, however,  has  been  done  by  way  oi  study  of  the  ordinary  loose  sn^ut 
of  oats  in  relation  to  its  poisonous  effects  upon  cattle. 

During  the  winter  of  1898  a  dairyman  near  Bozeman  suffered  the 
loss  of  twelve  dairy  cows  from  feeding  smutty  oat  hay.  The  cows  had 
been  receiving  clover  and  alfalfa  previous  to  being  fed  with  the  oat  hay. 
During  the  previous  season  the  owner  of  the  cows  discovered  that  one 
of  his  fields  of  oats  was  so  badly  smutted  that  he  considered  that  the 
crop  would  be  worthless  for  grain.  He  therefore  cut  the  oats  before 
they  became  mature  and  stored  the  material  for  hay.  The  loose  smut 
of  oats  ordinarily  blows  away  so  as  to  leave  but  a  small  quantity 
of  the  spores  attached  to  the  straw,  but  since  the  crop  of  oats  in  ques- 
tion was  cut  before  it  became  ripe,  nearly  all  the  smut  remained  with 
the  oat  hay  and  was  thus  eaten  by  the  cows.  Out  of  thirty  cows  which' 
received  one  feeding  of  the  smutted  oat  hay  twelve  died  within  eighteen 
hours  after  feeding,  with  symptoms  of  gastric  disturbances  and  excite- 
ment somewhat  similar  to  cerebro-spinal  meningitis.  The  owner  of  the 
cows  at  once  stopped  feeding  the  oat  hay  and  began  again  upon  the 
clover  and  alfalfa  with  the  result  that  no  further  loss  took  place.  These 
cases  of  poisoning  suggest  rather  forcibly  the  desirability  of  treating 
seed  oats  so  as  to  prevent  the  development  of  smut. 


List  of  Plants  of  Known  or  Suspected  Poisonous 
Properties  Which  Grow  Within  the  State. 


As  is  generally  well  known,  extensive  losses  of  stock  occur  during 

certain  seasons  of  the  the  year  in  almost  all  parts  of  the  United  States 

a$   a  result   of  eating  poisonous  plants.     Undoubtedly  the  number  of 

plants  which  actually  poison  stock  in  different  parts  of  the  country  is  a 

argeone,  but  the  list  of  plants  which  are  suspected  of  being  poisonous 

y  stock  growers  in  different  localities  is  much  larger.     V.  K.  Chesnut 
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has  brought  together  a  list  of  plants  which  are  known  to  be  poisonous, 
of  suspected  or  reported  as  being  poisonous  in  an  article  entitled 
* 'Preliminary  Catalogue  of  Plants  Poisonous  to  Stock"  in  the  Fifteenth 
Annual  Report  of  the  Bureau  of  Animal  Industry.  The  list  of  plants 
reported  in  this  article  is  divided  into  three  categories:  Plants  known 
to  be  poisonous,  plants  which  are  probably  poisonous,  and  plants 
which  are  suspected  of  being  poisonous.  These  three  categories  of 
plants  include  a  rather  large  number  of  species,  many  of  which  are 
found  in  Montana. 

Among  the  species  which  are  known  to  the  writer  to  be  poisonous 
or  which  have  been  suspected  by  sfock  owners  in  the  State  of  being 
poisonous,  may  be  mentioned  the  following: 

Loco  weed  {Astragalus  moilissimus). 

Loco  weed  \Astragallus  iamheriii). 

Rattle  weed  {Crotalaria  sagittaiis). 

Lupine  {Lupinus  leucopkyllus). 

False  hellebore  (  Veratrum  calif ornicum). 

Alkali  grass  {Zygadenus  elegans). 

Death  camass  (Z.venenosi4s). 

Leucocrinum  monianum. 

Purple  larkspur  (Delphinium  menziesii). 

Tall  \diX\is^wx\D,scopulorum^, 

Aconite  {Aconitum  columbianum'). 

Water  hemlock  i  Cicuta  jnaculata). 

Yellow  flax  {Linum  rigiduni). 

Nightshade  {Solanum  tr  if  lor  urn  . 

Of  the  species  mentioned  in  this  list,  the  purple  and  tall  larkspur, 
aconite,  lupine,  death  camass,  nightshade,  and  water  hemlock  are  cer- 
tainly poisonous  and  are  known  to  have  caused  death  to  animals  in  the 
State.  The  two  loco  weeds  which  are  mentioned  are  those  which  are 
most  commonly  believed  by  stockmen  of  the  State  to  be  the  cause  of 
the  disease  known  as  loco.  The  real  cause  and  nature  of  this  disease 
is,  however,  undetermined  and  no  definite  statements  can  be  made 
concerning  the  poisonous  characters  of  these  two  plants. 

Yellow  flax  has  been  reported  to  the  writer  as  causing  the  death  of 
a  few  sheep.  The  symptoms  as  described,  however,  were  not  well  de- 
fined and  the  circumstances  surrounding  the  case  were  such  as  to  pre- 
clude any  definite  conclusion  concerning  the  cause  of  the  sheep  dyinp^ 
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The  nightshade  was  reported  as  having  caused  the  death  of  pigs. 
This  supposition  could  not  be  verified  completely,  but  it  seemed  a 
plausible  conclusion  to  draw  from  the  circumstances  of  the  case.  The 
plant  is  known  to  contain  poisonous  principles. 

The  false  hellebore  has  a  very  local  and  irregular  distribution  in 
the  State,  occurring  in  great  abundance,  however,  in  the  few  localities 
where  it  is  found.  In  two  localities  where  it  occurred  in  the  greatest 
abundance,  loss  of  cattle  was  reported  as  due  to  poisoning  by  this 
plant. 

Accounts  have  been  given  elsewhere  of  the  Water  hemlock,'  lupine 
and  larkspur.  Leucocrinum  grows  very  abundantly  upon  a  number  of 
the  larger  sheep  ranges  and  was  repeatedly  sent  to  the  writer  with  ac- 
counts of  sheep  poisoning  and  statements  of  the  belief  that  this  plant 
Tiyas  the  cause  of  the  poisoning.  It  seems,  however,  highly  improbable 
that  this  plant  is  poisonous  at  all.  The  writer  investigated  a  number 
of  supposed  cases  of  poisoning  from  this  plant  and  found  that  in  each 
instance  the  sheep  had  been  eating  other  plants  which  are  known  to  be 
poisonous.  Furthermore,  it  was  not  possible  to  determine  that  Leu- 
cocrmum  was  eaten  at  all  by  the  sheep.  The  leaves  of  the  plant,  as,  is 
well  known,  are  not  conspicuous  and,  therefore,  do  not  furnish  tempt- 
ing forage  for  the  sheep.  It  has  been  suggested  that  the  fruit  of  this 
plant  may  be  poisonous,  but  since  the  fruit  is  formed  underground  and 
since  the  plants  grow  in  such  dry  localities  that  it  is  impossible  to  pull 
up4he  fruit  or  to  get  it  without  digging,  it  seems  highly  improbable  that 
that  the  sheep  ever  eat  any  part  of  the  plant  except  the  leaves. 

Much  confusion  and  uncertainty  are  prevalent  among  stock  own- 
ers regarding  the  names  of  various  plants  which  have  been  suspected  of 
6eing  poisonous,  and  this  renders  it  necessary  in  almost  eVery  case  of 
reported  poisoning  to  make  an  investigation  of  the  locality  in  question. 
In  some  localities  the  tall  larkspur  is  commonly  known  as  aconite,  the 
purple  larkspur  has  been  confused  with  lupines,  and  the  lupines  in  turn 
have  frequently  been  considered  the  same  as  loco  weeds.  It  is  advisable 

that  plants  which  are  suspected  of  poisoning  stock  should  be  sent  at 
once  to  the  Station  for  identification  in  order  that  more  accurate  knowl- 
edge may  be  obtained  of  the  case.  It  is  not  improbable  that  some 
plants  at  present  supposed  to  be  poisonous  will  prove  on  a  more  thor- 
ough investigation  to  be  non-poisonous,  and,  on  the  other  hand,  it  is 
likely  that  a  study  of  the  matter  will  show  that  some  plants  which  are 
it  present  not  suspected,  are  really  poisonous. 
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Some  Native  Forage  Plants  of  the  State. 


While  traveling  over  the  State  for  different  purposes,  numerous 
observations  fvere  made  upon  the  plants  which  furnish  the  chief  for- 
age upon  the  ordinary  range  and  in  uncultivated  hay.  A  few  notes  are 
here  brought  together  upon  a  number  of  plants  which  are  of  greater  or 
less  importance  as  forsige.  These  plants  arc  of  value  either  for  range 
forage  or  for  hay,  and  in  some  instances  the  same  species  is  often  used 
for  both  purposes. 

A  number  of  species  of  sage-brush,  particularly  Artemisia  cana  and 
A,  tridentata^  are  eaten  by  sheep  during  the  winter.  A,  carta  consti- 
tutes an  important  part  of  many  samples  of  uncultivated  hay  which 
were  examined  in  different  parts  of  the  State,  A,  iridentata^  which  is 
the  botanical  name  for  the  ordinary  shrubby  sage-brush,  naturally  can- 
not be  cut  for  hay,  but  the  leaves  and  smaller  twigs  are  frequently 
eaten  by  sheep  to  a  considerable  extent.  Both  of  these  species  of 
sage-brush  have  a  wide  range  of  distribution  and  are,  as  is  well  known, 
very  abundant  in  nearly  every  part  of  the  State. 

Licorice,  Glyeerrhiza  lepidota^  is  a  widely  distributed  and  common 
sx>ecies  of  plant  in  Montana.  Along  the  Missouri  River  Canyon  it  is 
exceedingly  abundant  and  is  cut  for  hay  on  a  large  scale.  Especially 
near  Cascade  and  Kalispell  the  plant  is  cut  for  hay  to  a  limited  extent, 
and  it  was  observed  that  licorice  was  greedily  eaten  by  cattle  and  horses 
upon  the  range.  Licorice  grows  to  a  coasiderable  height,  and  the 
lower  part  of  the  stem  becomes  very  woody.  As  is  well  known,  the 
spiny  burs  of  the  mature  fruit  would  also  constitute  one  of  the  disad- 
vantages of  the  plant  as  hay.  The  foliage  and  edible  portions  of  the 
plant  furnish  good  material  for  hay,   however,  if  cut  before  the  ripen.. 

ing  of  the  burs. 

Wild  geranium  is  a  plant  which  is  found  everywhere  upon  moder- 
ately moist  hillsides  of  range  country,  and  in  such  situations  the  writer 
has  observed  sheep,  cattle,  and  horses  feeding  upon  it.  The  plant 
does  not  become  woody  and  is  edible  almost  in  its  entirety.  The  wild 
geranium  was  frequently  found  in  samples  of  uncultivated  hay. 

Five-finger,   Fotaiiilla  norvegica,    usually  grows  in  company  witl 
the  wild   geranium,  and  its   distribution  is  equally   wide   and  general 
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The  plant  is  readily  eaten  by  cattle  and  sheep  as  hay,  but  upon  the 
ranges  it  seems  to  be  avoided  when  other  more  tempting  forage  plants 
are   present. 

Lupines  constitute  one  of  the  most  conspicuous  natural  forage 
plants  of  the  Slate.  As  elsewhere  indicated,  lupines  completely  cover 
the  ground  in  many  places  over  large  areas,  and  in  such  situations  they 
are  cut  for  hay  to  a  considerable  extent.  Large  quantities  of  hipine 
hay  are  cut  in  different  parts  of  the  State,  and  the  writer  has  observed 
all  kinds  of  domestic  animals  feeding  upon  lupine  hay  with  apparent 
relish.  Even  the  woody  stems  of  the  larger  plants  are  eaten  as  well  as 
the  foliage  and  smaller  branches.  Lupines  are  also  fed  upon  to  a 
considerable  extent  by  sheep  and  cattle  on  the  range.  A  danger  from 
the  use  of  overripe  lupine  hay  is  alluded  to  elsewhere. 

• 

Sweet  clover  is  not  native  to  Montana,  but  both  the  white  and 
yellow  flowered  species  have  been  introduced  and  are  rapidly  spread- 
ing, In  the  Bitter  Root  Valley  the  yellow  flowered  species  is  quite 
abundant  in  certain  localities,  and  the  writer  was  informed  that  as  hay 
it  was  greedily  eaten  by  cattle.  The  white  flowered  species  is  found 
in  the  Gallatin  valley,  along  the  Missouri  River  Canyon,  on  the  Belt 
Mountains,  and  in  the  Flathead  Valley.  This  is  merely  the  distribu- 
tion as  observed  by  the  writer.  It  is  probably  found  in  many  other 
localities.  • 

Vetches,  especially  Vicia  americatia,  are  very  abundant  in  native 
meadows  over  a  large  portion  of  the  State.  Many  meadows  were 
observed  in  the  Milk  River  Valley,  in  which  the  material  for  hay  was 
made  up  of  about  equal  parts  of  blue  joint  and  vetch.  The  vetch  when 
growing  in  such  situations,  supports  itself  upon  the  stronger  stems  of 
blue  joint  and  is  thus  enabled  to  reach  a  considerable  height.  The 
feeding  value  of  the  uncultivated  vetches  is  well  known.  The  wild 
species,  so  far  as  we  know,  has  not  been  studied  chemically.  A  shrub- 
by species  of  meadow  sweet  {Spiiuea  helulifolia)  grows  very  abundantly 
in  the  woodlands  of  the  region  about  Flathead  Lake.  It  was  observed 
that  cattle  and  horses  seemed  to  prefer  this  to  nearly  all  other  native 
forage  plants  of  this  locality.  The  plant,  as  indicated,  is  woody,  but 
the  forage  is  abundant  and  the  smaller  branches  are  tender,  the  whole 
plant  furnishing  considerable  forage. 
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So  called  loco  weeds  are  eaten  by  stock  on  the  range,  and  are  oc- 
casionally to  be  found  in  uncultivated  hay  in  various  portions  of  the 
state.  In  the  present  unsettled  condition  of  the  loco  problem  it  is  not 
desirable  to  recommend  the  cutting  of  these  plants  for  hay.  The  writer 
believes,  however,  that  in  the  form  of  hay,  especially  if  cut  before  ma- 
turity, many  of  these  plants  will  be  found  harmless.  It  may  be  further 
observed  that  belonging  as  they  do  to  the  family  of  legumes  and  pos- 
sessing an  abundance  of  foliage  they  would  constitute  an  important 
native  forage  plant  provided  it  is  shown  in  future  investigations  that 
they  are  not  poisonous  under  the  circumstances  which  were  just  indi- 
cated. 

This  short  list  of  forage  plants,  it  will  be  noticed,  does  not  include 
any  native  grasses  or  sedges.  It  was  the  purpose  of  the  writer  merely 
to  call  attention  to  the  rather  extensive  use  of  these  plants  on  the  range 
and  as  hay.  Nearly  all  of  the  species  mentioned,  as  indicated  in  the  notes 
upon  each  one,  are  of  wide  distribution  and  of  considerable  abundance. 
The  lupines,  licorice,  wild  geranium  and  iive-linger  furnish  a  large 
quantity  of  hay  which  is  fed  during  the  w^inter  to  various  domestic 
animals.  The  importance  of  these  native  plants  for  forage  is  probably 
greater  than  is  usually  supposed,  for  the  additional  reason  that  they 
do  not  require  the  care  of  man  for  their  cultivation,  and  thus  come  to 
the  stock  owner  as  a  gift  of  nature. 
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Bulletin  No.  23.  g ^  ilay,  1900 


Injurious  Fruit  Insects 

The  Codling  floth. 

{Carpocapsa  pomonella  Linn) 


DISTRIBUTION. 

Europe  is  without  doubt  the  original  home  of  the  codling  moth.  It 
occurs  also  in  the  United  States,  Canada,  Australia,  South  Africa,  Tasmania, 
New  Zealand  and  Brazil.  Generally  speaking,  we  may  say  that  it  has  made 
its  home  wherever  the  apple  has  heen  cultivated  for  any  considerable  length 
of  time.  It  is  very  generally  distributed  throughout  the  apple  growing  re- 
gions of  the  United  States  and  Canada,  and  has  become  best  established 
in  the  oldest  fruit  growing  regions. 

OCCURRENCE  IN  MONTANA. 

This  insect  was  not  known  to  exist  in  Montana  until  about  three  years 
ago,  when  a  few  specimens  were  found  in  Missoula.  Late  in  the  summer 
of  1899  Mr.  I.  D.  O'Donnell  rediscovered  the  pest  in  Missoula.  It  has  not 
found  its  way,  to  any  great  extent  at  least,  into  the  commercial  orchards 
of  Missoula  county.  At  the  annual  meeting  of  the  Montana  State  Horti- 
cultural Society,  held  at  Plains  in  February,  1900,  Mr.  E.  N.  Brandegee 
reported  having  found  it  quite  common  in  the  home  orchards  of  Helena  and 
vicinity.    Mr.  H.  C.  B.  Colvill  has  found  the  insect  at  Thompson  Falls. 

While  it  cannot  be  claimed  that  Montana  is  absolutely  free  from  this 
dreaded  pest,  we  can  assert  that  it  is  not  generally  distributed  through  the 
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state  or  established  in  a  single  orchard  of  any  considerable  size.  In  this  respect 
Montana  holds  an  almost  unique  position  among  the  states  and  territories 
of  the*  Union — a  fact  which  should  be  dear  to  the  heart  of  every  one  in  the 
state  interested  in  fruit  growing.  It  cannot  be  hoped  that  the  insect  will 
be  confined  to  its  present  limits,  but,  having  already  a  State  Board  of  Horti- 
culture organized  and  at  work,  with  authority  to  compel  owners  of  infested 
orchards  to  spray  them,  and  being  at  the  outset  practically  free  from  the 
pest,  Montana  has  a  great  advantage  over  other  sections  which  are  compelled 
to  spray  to  obtain  a  profitable  crop.  It  would  be  a  great  calamity  to  the 
orchard  interests  of  the  state  should  this  pest  become  generally  distributed. 
It  is  believed  that  our  orchards,  isolated  as  they  are  in  many  cases,  can  be 
kept  reasonably  free,  and  every  effort  to  this  end  will  be  made.  The  law 
which  provides  for  compulsory  spraying  will  be  rigorously  enforced,  and 
every  effort  will  be  made  to  retain  for  Montana  apples  their  priceless 
reputation. 

DESTRUCTIVENESS. 

Beyond  all  doubt,  the  codling  moth  is  of  more  importance  to  Montana 
friut  growers  than  any  other  insect.  The  apple  is  the  chief  fruit  in  the  state 
and  the  codling  moth  is  its  principal  enemy.  Conservative  estimates  place 
the  annual  loss  from  its  destruction  in  different  parts  of  the  country 
where  little  or  nothing  is  done  to  check  its  ravages,  at  from  25  to  75  per  cent 
of  the  apple  crop.  Startling  figures  have  been  given  by  Prof.  M.  V.  Slinger- 
land.  and  others,  showing  the  estimated  loss  to  the  crop  from  the  insect  in 
some  of  the  principal  apple  growing  states  in  the  east.  Montana  now  has 
apple  orchards  aggregating  over  1.300,000  trees,  according  to  statistics  gath- 
ered by  the  State  Board  of  Horticulture.  It  seems  fair  to  estimate  that  by 
the  time  those  trees  come  into  full  bearing  capacity  they  will  yield  10  boxes 
of  fruit  per  tree.  Apples  have  usually  netted  Montana  producers  about  SI 
per  box.  Figuring  on  the  basis  that  these  trees  will  produce  only  half  the 
above  amount  per  tree  and  that  the  fruit  will  only  net  25  cents  per  box,  we 
would  have  1.300,000  trees  producing  6,500,000  boxes  of  fruit  worth  11.625.000. 
We  may  fairly  estimate  that  should  the  codling  moth  be  left  to  multiply  and 
spread  undisturbed,  it  would  render  unsalable  fully  25  per  cent  of  the  crop. 
Montana  would  then  pay  an  annual  tribute  of  1406.250  to  the  codling  moth. 
These  estimates  do  not  include  injury  to  pears  or  to  apples  on  trees  planted 
in  the  future. 

It  is  firmly  believed  that,  considering  the  advantage  we  now  have  over 
tne  moth  in  being  both  forewarned  and  forearmed,  fully  90  per. cent  of  the 
loss  which  would  occur  did  we  make  no  effort  to  check  the  pest,  may  be 
saved  to  the  fruit  growers  of  Montana. 

HABITS  AND  DESCRIPTIONS. 
Like  all  moths  and  butterflies,  the  codling  moth  has  four  distinct  stages 
of  life,  egg  stage,  larva  or  worm  stage,  pupa  stage  and  adult  or  moth  stage. 
The  following  descriptions  of  the  different  stages  of  the  insect  and  account 
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of  fts  habits  are  taken  largely  from  Prof.  Sllngerland's  full  and  excellent 
account  of  tbe  Insect     (Bulletin  142,  Cornell  Experiment  Station,  189S.) 

Tie  moth  though  eo  common  in  old  orchards  Is  rarely  eeen  unless  care- 
fully Bought  for.  It  Is  a  beautiful  little  Insect  wltn  the  fore  winga  colored 
with  gray  and  brown  cross  lines.  Near  the  bind  angle  is  a.  large  brown  spot 
marked  with  streaks  of  broqze  and  gold.  Tbe  hind  wings  are  lighter,  grayish 
brown,  with  darker  outer  border.  The  various  stages  of  this  insect  are 
shown  in  Figure  1. 

in  northern  United  States,  the  moth  makes  Its  appearance  In  May  and 
the  early  part  of  June.     The  time  of  Its  appearance,  however,  varies  with 
seasons  and  with  tbe  place  In  which  It  passes  the  winter.    The  female  is  on 
hand  to  lay  her  eggs  soon  after  the  falling  of  the  blossoms.    Tbe  falling  of 
the  blossoms  varies  with  the  forwardness  of  tbe  season     but  the  same  condi- 
tions affect  also  tbe  development  of  the  moth   so  that  It  appears  each  season 
at  about  the  same  time  with  reference  to  the  blossoms.    The  moths  are  much 
more  active  after  dark,  and  It  Is  during  the  night  that  most  of  the  eggs  are 
laid.    The  eggs  are  very  thin,  whitish  or  yellowish,  and  about  a  twenty-fifth 
of  an  inch  long.    They  are  deposited  anywhere  on  tbe  apple,  on  the  stem  or 
even  on  neighboring  leaves.     Several 
eggs  may  be  laid  on  one  apple.    One 
moth   may  lay  only  a  few  eggs  or 
nearly  a  hundred,  and  several  days 
are  required  to  complete  the  process. 
Some  of  the  eggs  tall  to  hatch   being 
infertile. 
_^^_^^  After   about  seven   days    the   eggs 

iT  batch    Into    minute    worms    about   a 

sixteenth  ot  an  Inch  long,  with  shin- 
ing  black  beads,   thoracic,  and  anal 
■M  shields.     As  the  worm  nears  matur- 

y^  ity.  the  parts  which  are  at  first  black 

iVM  turn  brown. 

The     newly     hatched      caterpillar 
a  wanders  about  on  tbe  surface  ol  the 

A  apple  In  search  of  some   Irregularity 

ReuK  I— CodHne   Moth     a    apple  showlrg  '"  ^""^  surface  where  It  can   get  bold 

(Hiring!  o(  the  larva;  b.  place  where  ihe  egg  with  its  minute  mandibles  and  obtain 

■M/wKhw1iEsjp«U"h,'rie.l^of™!'!i:*i,7o'  its  Orst  meal.  It  often  works  its  way 

coon,    (Alter  Riity)  between   i-.e  calyx   lobes   which  have 

been  closed  before  It  appeared.  Thus  the  caterpillar  may  Cake  its  first  meal 
from  afij  part'  of  the  surface  of  the  apple  but  more  often  from  any  part  of 
the  calyx  lobes.  This  fact  la  of  great  Importance  since  tbe  presence  of  a 
poison  on  the  fruit  Is  fatal  to  a  large  per  cent  ot  the  worms.  Only  a  few 
hours  are  spent  on  the  surface  of  the  fruit.  Tbe  worm  soon  begins  Its  Jour- 
ney toward  the  core,  usually  starting  from  between  tbe  calyx  lobes.    In  a  few 
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days  it  reaches  the  core  where  it  spends  the  remainder  of  its  caterpillar  life 
which  in  all  is  20  to  30  days.    A  single  fruit  may  have  several  worms. 

On  coming  to  maturity,  the  worm  bores  to  any  part  of  the  surface  and 
leaves  the  fruit.  It  seeks  a  place  of  seclusion — ^a  crevice  in  the  bark,  amon^ 
old  rubbish,  or,  if  in  a  fruit  box,  often  in  a  corner — and  spins  a  cocoon  around 
itself,  inside  of  which  it  transforms  to  a  pupa.  If  early  in  the  season,  it  goes 
through  the  transformation  from  a  worm  to  a  moth  immediately  and  lay» 
eggs  for  another  brood;  but  if  too  late,  it  remains  as  a  worm  till  the  follow- 
ing spring   when  it  completes  its  transformation. 

In  spinning  the  cocoon  any  foreign  matter  at  hand  is  woven  in  amon^ 
the  threads.  The  color  then  is  dependent  somewhat  upon  the  color  of  the 
foreign  matter  Incorporated. 

NUMBER  OF  BROODS. 

It  is  impossible  to  state  definitely  how  many  broods  the  codling  moth 
would  produce  in  Montana  should  it  get  a  foothold  here.  West  of  the  range 
there  probably  would  be  two  full  broods  and  possibly  a  partial  third,  while 
east  of  the  main  range  there  probably  would  be  one  and  a  partial  or  full 
second. 

THE  FRUIT  IT  ATTACKS. 

The  codling  moth  is  chiefly  an  apple  pest,  though  it  is  very  destructive 
to  pears  also.  It  has  been  found  feeding  on  quinces,  crabapples  and  stone 
fruits. 

HOW  INTRODUCED  INTO  MONTANA. 

It  is  a  fairly  well  established  fact  that  the  codling  moth  was  introduced 
into  America  from  Europe  in  packages  of  fruit  in  the  early  days  of  our  na- 
tion, and  beyond  doubt  it  was  introduced  into  Montana  in  the  same  way 
from  other  states.  Wherever  the  pest  Is  present  in  an  orchard  it  is  almost 
sure  to  be  gathered  and  distributed  with  the  fruit.  On  reaching: 
full  growth,  it  seeks  a  suitable  place  to  transform  and  often  finds  a  comer 
to  its  liking  in  the  package.  The  insect  is  thus  furnished  excellent 
quarters  for  completing  its  transformations  to  the  moth  stage,  when,  having 
wings,  it  seeks  out  any  fruit  trees  in  the  vicinity.  Some  fruit  growers  in  Mon- 
tana have  been  in  the  habit  of  getting  second  hand  boxes,  after  they  are 
emptied  of  their  imported  fruit,  and  carrying  them  to  their  orchards  'to  be 
refilled,  thus  affording  the  moth  every  facility  for  infesting  their  own  trees. 
This  practice  is  now  prohibited  by  law  and  fruit  dealers  are  compelled  to* 
destroy  their  boxes  as  soon  as  emptied. 

Under  the  system  of  Inspection  of  fruits  and  nursery  stock  provided  for 
in  our  law,  fruit  infested  with  this  or  any  other  dangerously  Injurious  in- 
sect is  condemned  and  destroyed  by  burning.  This  law  has  been  in^opera- 
tion  only  one  year,  but  the  fruit  received  into  the  state  is  already  greatly- 
improved  in  character,  a  wholesome  fear  of  our  laws  having  been  instilled* 
into  the  minds  of  shippers  the  country  over.    Thus  the  danger  of  infestation 
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from  this  pest  is  being  reduced  to  a  minimum. 

IS  THE  PEST  LIABLE  TO  DIB  OUT  IN  TIME? 

It  is  a  well  known  fact  that  many  injurious  insects  after  being  intro- 
duced into  a  new  locality  and  becoming  well  established  die  out  of  them- 
selves through  being  preyed  upon  by  natural  enemies.  Experience  has  shown, 
the  world  oyer,  that  wherever  the  codlin  moth  has  once  become  established 
It  has  remained  as  a  permanent  scourge.  Now  that  the  pest  has  established 
itself  in  Missoula,  Thompson  Falls  and  Helena,  we  must  make  up  our  minds 
that  Montana  fruit  growers  will  have  to  be  constantly  on  the  lookout  for  it 
in  the  future.  Spraying  will  have  to  be  much  more  generally  practiced  than 
hitherto.  The  codling  moth  is  with  us  to  stay,  but  by  prompt  and  thorough 
use  of  remedies,  fighting  it  when  it  first  appears  in  an  orchard,  it  can  be  held 
down  so  that  Montana's  loss  from  it  will  be  small  compared  with  that  in 
other  states. 

NATURAL  ENEMIES. 

Many  natural  enemies  among  birds  and  insects  have  been  recorded  by 
diiferent  authors  as  preying  upon  the  codling  moth;  but  in  spite  of  all,  it 
Is  able  to  more  than  hold  its  own. 

HOW  TO  FIGHT  THE  PEST. 

Since  Montana  is  only  slightly  infested,  we  can  attack  only  the  larval  or 
worm  stage  to  advantage.  In  future  years  it  may  be  well  to  trap  the  moth  at 
the  windows  of  rooms  used  for  storing  fruit  in  the  winter.  Experiments  by 
Forbes  and  Monson  have  shown  ihnt  about  82  per  cent  of  "wJnd  fall"  apples 
are  produced  by  the  codling  moth.  Le  Baron,  Cook  and  Beal  were  led  to  con- 
clude by  their  observations  that  about  one-half  of  the  wormy  apples  that  fell 
still  contained  the  worms.  The  worms  do  not  remain  in  the  apple  long  after 
they  have  reached  the  ground.  It  is  readily  seen,  then,  that  a  prompt  gather- 
ing and  immediate  destruction  of  fallen  apples  would  considerably  reduce 
tne  numbers  of  the  pest.  The  fruit  should  be  gathered  as  often  as  practicable, 
and  It  may  be  fed  to  animals,  provided  it  is  eaten  immediately. 

If  the  worm  leaves  the  fruit  before  it  drops  to  the  ground  or  is  picked. 
It  preferably  seeks  Fome  sheltered  place,  as  a  crevice  in  the  bark,  before  spin- 
ning its  cocoon.  More  than  a  century  ago  this  fact  was  known  and  later  led 
to  the  employment  of  trap  bands  applied  to  the  trunks  of  the  trees.  To  this 
day  this  method  has  been  one  of  the  most  effective  ways  of  killing  the  worms. 
The  larva,  in  seeking  for  a  secluded  corner,  finds  one  under  the  band.  A  con- 
dition necessary  to  make  this  method  effective  is  that  the  rough  bark  be 
made  smooth  by  scraping. 

Any  cheap  and  convenient  substance*  may  be  used  for  a  band.  Old  car- 
peting, burlap,  paper  and  hay  ropes  have  been  found  to  be  serviceable.  The 
bands  should  be  put  or  about  a  month  after  the  blossoms  fall  and  should  be 
examined  at  least  once  in  ten  days  and  the  larvae  and  pupae  destroyed.    The 
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regular  examination  should  not  be  neglected  or  the  moths  will  develop  and 
fly  away  in  well  founded  derision  for  the  bands.  In  badly  infested  orchards 
great  numbers  may  be  captured  b>  the  use  of  bands.  This  method  catches  the 
worms  which  have  escaped  destruction  by  spraying  and  hence  is  very  im- 
portant. Though  a  band  may  catch  but  very  few  worms  in  a  season,  its  em- 
ployment is  still  profitable. 

While  the  above  methods  are  important  in  their  places,  nothing  can  take 
the  place  of  spraying.  The  worms  caught  by  gathering  fallen  fruit  and  em- 
ploying bands  have  already  done  their  work.  It  is  better  to  get  them  before 
they  have  begun  their  destruction. 

It  is  to  be  urged  that  all  orchards  infested  in  any  degree  be  sprayed  with 
some  arsenical  poison  Recommendations  based  on  experiments  with  the 
pest  in  this  state  cannot  be  made.  It  has  been  found  in  such  small  numbers 
that  experiments  would  give  doubtful  results.  Probably  the  best  spray  that 
we  can  employ  is  T^aris  green,  used  at  the  rate  of  one  pound  to  160  gallons 
of  water.  It  is  not  advised  to  dilute  the  poison  with  the  fungicide,  Bordeaux 
mixture,  since  no  destructive  fungus  disease  has  yet  been  detected  on  apples 
in  this  state.  Many  authors  advise  the  addition  of  two  pounds  of  freshly 
slaked  lime  to  the  alx>ve  formula  for  Paris  green.  The  spraying  should  be 
given  immediately  after  the  fall  of  the  blossoms.  Three  or  four  other  spray- 
ings should  be  given  at  equal  intervals  through  the  season.  Until  we  find 
a  badly  infested  orchard  on  which  to  experiment  for  the  purpose  of  accurately 
adapting  remedial  measures  to  Montana  conditions,  more  explicit  direction 
cannot  be  given. 

Prof.  Slingerland  has  emphasized  the  importance  of  spraying  for  this  in- 
sect before  the  calyx  lobes  become  drawn  together.  It  is  desirable  to  do  so, 
since  many  of  the  young  worms  take  their  first  meal  in  the  seclusion  afforded 
by  the  closed  calyx  lobes,  and,  if  poison  is  present,  get  a  fatal  dose.  To  get 
the  best  results  from  the  spray,  therefore,  apply  it  before  the  lobes  of  the 
calyx  have  closed. 
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Tent  Caterpillars. 

{ClismamPa  spp.) 

A  few  eoroplainta  of  the  preseace  of  teat  caterpillars  have  been  received 
from  different  parts  of  Montana.  The  complalnta  not  being  accompanied  by 
'  Bpeclmens  of  the  Insscts,  I  am  un- 
able to  state  what  species  occur  in 
the  state.  Four  or  more  species 
(  C.  const^^cta,  C.  eroaa,  C. 
pluvialls  and  C.  Calitornica)  are 
found  in  the  Pacific  states,  west  of 
us.  and  It  Is  probable  that  at  least 
one  of  these  Is  In  Montana.  On 
iA.B,3  Tth  of  this  year,  tliree  neata 
of  newly  hatched  i-aterpi liars  of 
some  species  of  Cliscocampa 
were  obtained  from  wild  rose  at 
Bozeman.  Theae  are  being  reared 
at  the  station,  but  at  the  present 
writing  are  too  small  for  identifi- 
cation. 

The  two  common  apeciea  of  the 
east  are  C.  Americana,  which  Is 
very  common  and  Injurious  on 
apple  and  wild  cberry,  and  C. 
dlsstria,  which  Is  more  liable  to 
feed  on  forest  trees.  The  apeciea 
which  Is  troublesome  on  fruit  trees 
In  our  state  la  probably  C.  con- 
atricta. 

Within  certain  limits  the  larva 
of  all  these  species  resemble  one 
another,  and  the  accompanying  re- 
productions from  photograpfaa  of 
caterpillars  of  C.  Americana,  give 
Eome  idea  of  the  appearance  of  the 
other  species.  {Figurea  2,  3  and  4.) 
the  wing  in  the  middle  and  latter  part  of  the 
twigs,  as  shown  in  Figure  4. 


Figure  3.— Full  erown  larva  of  QiilDC: 
erlcana.      (Lowe.  Bull.  i;!.  N.V.Ael- 


Tbe     moths 
mmer    and  lay  their  eggs  in  masses  on 
Eese  egga  batch  the  following  spring  about  the  time  the  new  foliage  appears, 
d    tbe    young  caterpillars  migrate  to  the  leaves  and  begin  feeding.     The 
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the  egg  masaeB  during  the  fall  and 
winter  when  the  foliage  Is  off  tlie  trees. 
Some  egg  masses  will  escape  detection 
but  the  caterpillars  hatching  from 
them  may  be  easily  destroyed  when 
congregated  In  their  nests  at  morning 
Or  early  evening.  It  Is  not  necessary 
to  break  off  the  branch  or  burn  the 
caterpillars  with  a  torch  If  within 
reach  from  the  ground.    They  may  be 


"tent,"  familiar  to  all.  1b 
found  at  the  ends  at 
branches,  or  In  a  crotch,  and 
IS  a  place  of  retreat  tor  the 
caterpillars  during  the  night 
and  the  cooler  parts  of  tli« 
day  till  they  are  nearly  (uU 
grown.  During  the  heat  ol 
the  day  they  venture  out 
and  feed.  The  nests  of  the 
western  species  are  not  as 
large  and  aa  prominent  db 
those  of  C.  Americana  at 
the  eaat. 


The  beat  way  to  keep  fruit 
trees  free  from  these  Insects 
Is  to  search  for  and  deetror 


cftmpA  dm«Tlrana.  1  Lowe,  Bull 
N.  y.Ael.  £xp.  SU.) 
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destroyed  with  the  hands.    If  out  of  reach  they  may  be  destroyed  with  a 
torch  or  gathered  on  a  brush-ended  pole. 


The  Gooseberry  Fruit  Worm. 

(Dakruma  convolutella  Hubert 

This  insect  appears  to  be  quite  generally  distributed  in  the  state.  It  was 
found  infesting  about  half  the  fruit  on  a  few  garden  bushes  in  Missoula 
county,  and  has  been  reported  from  other  parts  of  the  state.  While  goose- 
berries are  not  grown  to  any  great  extent  in  Montana,  the  few  that  are  pro- 
duced are  highly  prized,  and  it  is  desirable  to  know  the  habits  of  the  insect 
and  the  remedies  to  be  employed. 

APPEARANCE  AND  LIFE  HISTORY. 

The  eggs  are  deposited  by  the  female  on  the  young  gooseberries  and  soon 

hatch  into  minute  larvae,  which  bore  into 
the  fruit.  Sometimes  several  berries  are 
fastened  together  by  a  worm.  Affected 
berries  turn  color  prematurely  and  either 
decay  and  drop  off,  or  shrivel  and  dry. 
When  the  berries  approach  full  size,  those 
which  have  worms  in  them  may  be  dis- 
tinguished by  a  careful  examination.  A 
little  later  many  of  them  will  be  seen  to 
have  a  hole  on  the  side,  indicating  that 
the  worm  has  left  or  is  about  to  leave. 
On  leaving  the  berry  the  insect  spins  a 
silken  thread  and  lowers  itself  to  the  ground,  or  crawls  down  the  stem  and 
spins  '^  cocoon  in  which  it  transforms  to  a 
moth.  Without  much  doubt,  the  insect  passes  the 
winter  in  a  cocoon,  as  does  its  near  relative,  the  cod- 
ling moth.  It  will  be  noticed  that  throughout  its  life^ 
history  the  habits  of  this  insect  are  remarkably  simi-  « 
lar  to  those  of  the  codling  moth.     Different  stages    '''8^''®  6.-Goo»eberiry  fniit 

.-      ^  o  -w  V***   »t,«.e^«>        worm:    a  cocoon;  b,  moth 

the  insect  are  shown  in  figures  5  and  6.     .  /After  Packard.) 

REMEDIES. 

The  insect  may  easily  be  kept  under  control  by  examining  the  bushes 
from  time  to  time  during  the  season  in  which  the  berries  are  developing,  and 
picking  off  those  which  are  colored  or  bound  together  by  the  silken  threads 
produced  by  the  larvae.    Care  should  be  taken  to  see  that  the  worms  do  not 


Figure  5.— Gosseberiy  fruitlworm;  larvae 
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escape,  as  they  often  work  their  way  out  of  the  berries  when  disturbed  and 
let  themselves  down  by  a  thread.  Following  this  method  thoroughly  will 
prevent  the  insect  from  multiplying  to  troublesome  numbers. 


The  Pear  Slug. 

Eftocampoides  limacina  {Relz) 

HISTORY  AND  DISTRIBUTION. 

The  pear  slug  has  been  known  in  this  country  for  upward,  of  a  century 
and  has  figured  as  one  of  the  more  prominent  fruit  pests.  For  many  years 
it  was  thought  to  be  the  same  species  as  the  insect  of  similar  habits  in  Eu- 
rope, but  was  never  demonstrated  to  be  such  until  the  year  1897,  when  Mr.  C. 
L.  Marlatt  compared  specimens  from  Europe  with  abundant  American  exam- 
ples and  found  them  identical.  In  Europe,  the  insect  has  been  known  since 
very  early  times  as  a  particularly  destructive  pest. 

Previous  to  the  year  1897  nearly  all  American  accounts  of  the  pest  were 
based  on  an  excellent  treatise  by  Prof.  William  D.  Peck,  entitled  "Natural 
History  of  the  Slug  Worm."  The  essay  was  printed  by  the  Massachusetts  So- 
ciety for  the  Promotion  of  Agriculture  in  the  year  1799,  and  the  author  was 
awarded  the  society's  premium  of  |50  and  a  gold  medal.  This  paper  has  lone 
been  out  of  print,  but  Dr.  Harris,  in  his  "Insects  Injurious  to  Vegetation," 
condensed  it  so  that  its  substance  has  since  been  available.  Mr.  Marlatt's 
paper  (Circular  No.  26,  Second  Series)  made  valuable  additions  to  our 
knowledge  of  the  insect,  and  his  illustrations  are  particularly  useful.  The 
history,  habits  and  description  of  the  insect  in  the  following  account  were 
taken  chiefly  from  the  above  mentioned  sources. 

The  insect  occurs  throughout  Europe,  America  and  in  many  of  the  British 
colonies.  In  Montana  it  has  been 'reported  feeding  on  pear  and  cherry  in  or 
near  Missoula  but  I  have  personally  seen  no  indubitable  evidence  of  its  occur- 
rence here. 

FOOD  PLANTS. 

The  insect  feeds  on  pear,  cherry  and  plum,  and  to  a  less  extent  on  about 
thirty  other  plants.    It  shows  a  preference  for  pear. 

INJURIES. 

The  slugs  feed  on  the  upper  surface  of  the  foliage,  leaving  a  net  work  of 
veins  and  the  lower  cell  layers.  The  leaves  thus  affected  soon  turn  brown, 
die,  and  drop  off.  It  frequently  happens  that  the  insects  occur  in  such  numbers 
as  to  wholly  defoliate  a  single  tree  or  a  whole  orchard.  A  second  growth  of 
leaves  is  at  onc3  put  out  and  the  trees  are  thereby  seriously  weakened  and 
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rendered  much  Iess  liable  to  produce  fruit  the  following  season.    The  presence 
of  the  Insects  yfar  after  year  may  kill  the  trees  or  prevent  fruitage.    When 
the  slugs  are  very  abundant  a  repulsive  odor  Is  given  off  from  the  trees. 
DESCRIPTION  AND  LIFE  HISTORY. 
In  early  spring  the  slug-fly  may  he  seen  about  the  trees,  where  they 
gather  for  the  purpose  of  laying  tbeir  eggs.      The  adult  Insect  Is  a  small 
glossy  black  fly  with  tour  transparent  wings  which  have  a  dark  band  across 
the  middle.    The  eggs  are  laid  singly  on  the  under  side  of  the  leaves  under 
the  epidermis.    The  young  slug  which  hatches  from  the  egg  la  at  first  clear 
or  white  with  a  yellow  bead,  but  very  soon  a  slimy  olive  colored  liquid  be- 
gins to  exude  over  the  entire  sur- 
face of  tne  body.    This  slimy  sub- 
stance gives  them  somewhat  the 
appearance  of  slugs  or  soft  snails 
and  has  given  them  their  com- 
mon name.  The  front  part  of  the 
body  Is  much  swollen.     They  at 
once   begin   to   feed    and   eat   out 
smalt  patches    which  Increase  in 
size  and  unite  with  those  of  other 
i     Individuals  till  much  of  the  upper 
n    surface  is  removed.    After  reach- 
ing full  growth  the  larva  crawls 
down  the  stem  of  the  plant  and, 
^       burrowing  into  tlie  ground  for  a 
short   distance,    forms    a   cell    or 
chamber    witbln  which  it  trans- 
'^'Kr"  ii7h'"Inalemf>vej''J"s>mVin  no/mai*s'iiie'         'orttis  to  a  pupa,  emerging  as  an- 
d,  leuMwim  larvse.  naiutal  si«;  a.  b.  c.  mucli  adult     insect     alKiUt     two     weeks 

tnljigeJ.    (Marlitl.  Cirtulur   »6.  Seeonil  Series.  .,.■., 

Div.  of  Eni ,  V.  s  otpi,  Agt.'  after      the      larva      enters      the 

ground.     The   last   brood  of  the 
season  remains  in  the  ground  till  the  following  season. 

REMEDIES. 
Tbe  best  means  of  destroying  the  Insect  is  to  spray  with  an  arsenical 
poison  or  a  soap  solution.  Mr.  Marlatt  recommends  that  one-half  pound  of 
whale  oil  soap  to  one  gallon  of  water,  or  Paris  green  at  the  rate  of  one  pound 
to  250  gallons  of  water  be  employed  as  a  spray.  Hellebore  is  also  effective 
but  can  be  employed  only  on  a  limited  scale  on  account  of  Its  expense.  , 
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Round-headed  Apple-tree  Borer, 

Saperda  Candida  Fad. 

DISTRIBUTION. 

Published  records  ebaw  tblB  Insect  to  be  present  in  nearly  all  apple  grow- 
ing states  east  of  the  Rocky  inountAlns.  So  far  as  la  known,  it  does  not  yet 
occur  in  Montana,  but  tbere  Is  probably  no  reason  why  it  might  not  become 
a-  Injurious  In  this  state  as  elsewhere. 

NATURE  OP  INJURY  AND  IMPORTANCE. 

Affected  trees  assume  a  sickly  appearance  and  fall  to  make  the  proper 
growth.  On  the  trunk  may  often  be  seen  masses  of  castings  at  the  openings 
into  the  Insects'  burrows.  In  some  parts  of  the  country,  particularly  the 
older  fruit  growing  sections,  this  has  been  one  of  the  worst  enemies  with 
which  the  grower  has  had  to  contend. 

Besides  attacking  the  apple  It  la  found  In  various  other  woody  plants, 
including  crab-apple,  quince  and  pear. 

Experience  has  shown  that  trees  are  much  more  liable  to  be  attacked  U 
weeds,  grasses  or  other  vegetation  are  allowed  to  accumulate  about  the 
trunks. 

LIFE  HISTORY  AND  DESCRIPTION. 

In  the  spring  of  the  year,  about  the  month  of  June,  the  adult  beetles 
come  forth  from  the  trunks  of  the  trees,  the  sexes  mate,  and  the  females 


Em..  U.  S.  Dcpi. 

In  about  three  weeks  the 
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eggs  hatch  and  the  larvae  work  their  way  under  the  bark  and  feed  ob  the 
nop  vood  for  the  flnt  seaBon.  During  the  second  year  they  feed  in  the  deeper 
heart  wood,  and  In  the  spring  of  the  third  year  bore  to  the  surface,  trans- 
toim  to  pupae,  and  later  to  beetles  which  emerge  during  the  night  ready  to 
lay  eggs  for  the  nest  generation. 

The  Insect  takee  Its  name  "Round-headed"  Borer  from  the  shape  of  the 
anterior  part  of  the  body  of  the  larva  or  tMrer.  The  head  Is  homy  and  brown; 
the  body  Is  white  or  yellow  and  tapers  from  the  head  backward  to  the  extrem- 
ity.   The  different  stages  of  the  Insect  are  lUustrated  in  Figure  S. 

The  adult  beetle  1b  a  beautiful  creature,  meas- 
uring from  three-fourthB  of  an  Inch  to  one  inch  in 
length.  The  under  surface  of  the  body  is  silvery 
white,  wlille  above  it  Is  bruwn  with  longitudinal 
white  strlpcii. 

Another  borer  very  similar  to  the  ronnd- 
beaded  apple  tree  borer,  and  known  as  the  "Spotted 
Apple-Tree  Borer,"  Ib  Illustrated  In  Figure  9.  This 
insect  In  some  places  Is  as  common  and  destructlva 
;>i«.[«e  as  the  first  named  Bpecles.  The  habits  and 
'^aiJ^tn  methods  to  be  employed  in  their  control  are  the 
Circuit.  )a.  Div.  oi  Em.',        same  for  both  species. 

U.S.Dept.  of  AgT) 

METHODS  OF  CONTROL. 

No  spray  will  reacb  the  borers.  Cutting  them  out  with  a  knife  or  other 
Instrument  Is  the  only  way  of  destroying  this  form  of  the  Insect. 

After  locating  their  burrow,  by  removing  the  surface  bark  with  a  sharp 
^knlfe.  a  very  effectual  means  of  destruction  Is  to  uBe  a  piece  of  soft  wire  of 
sufficient  length  to  reach  the  extremity  of  the  burrow.  Oftentimes  tbeae 
'burrows  almost  girdle  the  tree.  It  Is  much  better  to  prevent  the  beetles 
from  depositing  their  eggs  on  the  trees.  This  may  be  accompUebed  by 
applying  a  wash  which  will  repel  the  beetles.  Whale  oil  soap  reduced  to  the 
consistency  of  soft  soap,  or  soft  soap  itself  may  be  used  for  this  purpose. 
The  entire  trunk  down  to  the  very  base  of  the  tree  and  up  even  to  the  larger 
branclieB  should  be  thoroughly  covered.  No  Injury  will  result  to  the  tree 
from  the  application  of  the  soap.  Care  should  be  exercised  to  make  tbe 
application  of  tbe  w^ab  earl?  enocgh  In  tbe  season  to  be  ahead  of  tbe  insects. 


"K"r?" 
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The  Flat-headed  Apple-tree   Borer. 

Chrysobothris  femorata  Fab, 

DISTRIBUTION  AND  NATURE  OF  INJURY. 

This  insect  is  much  more  often  met  with  than  the  round-headed  borer, 
but  its  injury  is  much  less  serious.  It  inhabits  Canada  and  the  United  States, 
and  is  a  native  American  insect.  It  is  said  to  occur  in  Montana,  but  person- 
ally I  have  seen  no  specimens.  If  it  is  not  at  present  among  us  there  is  little 
doubt  that  it  soon  will  be. 

There  are  numerous  other  beetles  of  the  same  family  ("Buprestidae") 
which  might  be  easily  mistaken  for  it. 

Trees  in  young  orchards  are  much  more  liable  to  be  attacked  than  older 
ard  stronger  ones,  and  it  seems  to  prefer  diseased  trees.  It  occurs  in  all 
parts  of  the  tree. 

FOOD  PLANTS. 

Very  many  shade  and  forest  trees  are  attacked  as  well  as  apple,  pear  and 
peach  among  fruit  trees. 

LIFE  HISTORY  AND  DESCRIPTION. 

The  female  deposits  its  eggs  in  nooks  and  crevices  in  the  spring  and  early 
summer.  The  larva  hatching  from  the  egg  bores  under  the  bark  and  ex- 
cavates cavities  of  varying  shape  and  depth  in  the  sap  wood.  It  very  often 
girdles  a  small  tree,  and  before  pupating  bores  deeper  into  the  wood.  The 
larval  life  lasts  for  from  one  to  three  years  according  to  Dr.  J.  B.  Smith.  The 
pupa  stage  is  passed  just  under  the  bark,  and  the  adult  bores  to  the  surface 
on  leaving. 

The  work  of  this  species  may  be  distinguished  from  that  of  the  round- 
headed  borer  by  the  fact  that  the  latter,  in  leaving  the  tree,  bores  a  circular 
hole,  while  the  flat-headed  species  makes  an  elliptical  one. 

The  appearance  of  the  larva,  pupa  and  adult  is  well  represented  in  the 
accompanying  illustration.     (Figure  9).    The  insect  takes  its  name  from  the 
appearance  of  the  anterior  part  of  the  body  of  the  larva.    The  larva  is  yellow 
and    when  full  grown   measures  about  an  inch.    The  beetle  is  about  one-half 
Inch  long  and  metallic  brown  in  color  on  the  upper  surface. 

Woodpeckers  are  very  useful  in  destroying  the  larvae  of  the  pest. 

REMEDIES. 

The  remedies  suggested  for  the  round-headed  borer  may  be  employed 
against  this  species.  The  washes  should  be  applied,  however,  farther  out  on 
the  branches.  Mr.  F.  H.  Chittenden,  one  of  the  assistants  in  the  Division 
of  Entomology,  at  Washington,  D.  C,  has  suggested  the  use  of  trap  wood  to 
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allure  tbe  beetles  away  from  fruit  trees.  (Circular  No.  32,  Second  Series). 
A  few  limbs  or  trunks  of  trees  that  are  known  to  be  attacked  freely  by  the 
species  may  be  laid  among  the  rows  where  the  sun  cqn  shine  brightly  upon 
them.  This  Insect,  unlike  the  round-headed  borer,  prefers  to  lay  eggs  on 
wood  that  Is  exposed  to  the  sun.  The  beetles  would  probably  lay  their  eggs 
on  the  trap  wood,  which  may  be  gathered  and  burned  in  the  tall  or  spring. 

The  Plum  Curculio. 

Conotrachelus  nenuphar  Herbsi. 

HISTORY  AND  DISTRIBUTION. 
The  plum   curculio  is   a   native   American   insect,    and    Is   particularly 
abundant  east  ol  the  Rocky  mountains.    It  has  not  ret  become  a  serlouB  pest 
on  the  Pacific  slope.  If.  Indeed,  it  occurs  there  at  all.    This  is  probably  due  to 
certain  climatic  conditions,   and,   since   the  climate    In   the    fruit    growing 
regions  of  Montana  Is  somewhat  similar  to  that  farther  west,  the  insect  may 
never  be  troublesome  in  this  state.    It  has  not  yet  been  reported  In  Montana. 
INJURIES. 
Montana    fruit  growers  should  be  on  the  lookout  tor  this  insect  and 
promptly  report  Its  occurrence  If  found.    In  many  sections,  plum  growing  has 
been    abandoned   on    account    of    this    small,    but    destructive    insect.      Its 
importance  Is  Increased  by  its  fondness  tor  other  fruits  besides  the  plum. 
FOOD  PLANTS. 
Besides   attacking   the   plum,    the   Insect   breeds    In    great   numbers   In 
cherries,  peaches,  apricots,  nectarines,  quinces,  apples,  crabs,  and  haws. 
DESCRIPTION  AND  LIFE  HISTORY. 
The  Insect  hibernates  as  an  adult  beetle  and  appears  early  In  the  spring 
K  ^^aca^Y^— — -^^^^     When  the  fruit  has  reached  about  the  size 

\       <?|JJ}-j    "H-'A-rr^  o'  a  small  marble,  the  beetle  makes  a  cres- 
\        ^^-^KjJjiJjcU-^    cent  shaped  silt  In  the  epidermis  (see  Plgure 

^^-p,.       °  , ,  11  d.),  elevating  a  small  flap  under  which  it 

jC    "^  lays  an  egg.     la  a  few  days  this  egg  hatches 

9h^  Into  a  small  white  grub  which  at  oner,  licres 

I  to  the  seed  capsule  causing  the  fruit  to  fall 

in  the  case  of  the  plum,  but  simply  to  decay 
yJKHKKP^  f^°^  the  center  in  most  other  fruits.     By 

j^v  "H,  1>»  abbut  midsummer  growth  is  complete  and 

"■^  the  larva  enters  the  ground  tor  a  short  dls- 

FijuKii.-PiumCurcuiio:  ».  larva,  b.  tance  and  Boon  after  appears  as  an  adult 
pupa:  c.aJuit^^d.^be«ii(ai  work^on^i  beetle.  Th^  beetles  very  soon  go  Into  hiding 
(Afier  Riiey.i  till  the  following  spring. 
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The  beetle  Is  leas  than  one-fourth  of  an  inch  in  length,  brown  with  black 
and  gray  mottlings  and  with  four  protuberances  on  the  wing  covers. 

REMEDIES. 

There  is  no  known  satisfactory  remedy  for  this  insect  The- larva  cannot 
be  reached  with  an  insecticide  and  can  be  destroyed,  only  by  gathering 
the  fallen  fruit  every  few  days.  Chickens  and  turkeys,  if  given  free  run 
under  infested  trees,  gather  large  numbers.  Jarring  the  trees  occasionally 
early  in  the  mornings  over  a  sheet  or  other  receptacle  has  given  more 
uniform  satisfaction  than  any  other  remedial  measure.  The  beetles  drop 
readily,  and,  drawing  in  their  legs,  allow  themselves  to  be  gathered  up  and 
destroyed. 


The  San  Jose  Scale* 

(Aspidiotus  pemiciosus  ComstJ 

DISTRIBUTION. 

The  San  Jose  scale,  now  so  well  and  unfavorably  known,  is  very  widely 
distributed  in  the  United  States  and  occurs  in  many  foreign  counries, 
including  Canada,  Australia,  Japan,  Chili  and  Hawaii. 

NOT  FOUND  IN  MONTANA. 

The  insect  has  not  yet  been  detected  on  plants  growing  in  Montana, 
though  the  inspectors  working  under  the  direction  of  the  State  Board  of 
Horticulture  have  searched  nearly  every  orchard  in  the  state. 

ITS  POWER  OF  INJURY. 

The  San  Jose  scale  is  capable  of  causing  great  loss  if  allowed  to  pursue 
its  course  unchecked,  and  its  presence  in  an  orchard  makes  constant  watch- 
ing necessary  lest  it  get  out  from  under  control.  Its  minute  size  and 
inconspicuous  appearance  enable  it  to  escape  easy  detection,  and  the 
orchardist  or  nurseryman  who  knows  his  premises  to  be  infested  is  kept  in 
constant  terror.  It  not  infrequently  happens  that  an  orchard  is  ruined  or 
injured  beyond  repair  before  the  owner  is  aware  even  of  the  presence  of  the 
pest.  Some  states  in  the  Union  have  suffered  more  severely  from  this  insect 
during  the  past  few  years  than  from  any  other.  In  more  southern  ranges  of 
our  country  whole  orchards  have  been  destroyed.  Considering  that  it  attacks 
practically  all  kinds  of  fruit,  it  probably  ranks  as  one  of  the  "worst  fruit 
Insects  in  the  United  States.  In  Montanc^^  where  the  apple  is  by  far  the  most 
important  fruit,  the  codling  moth  may  properly  be  ranked  of  more  importance. 
It  is  greatly  to  be  hoped  that  our  trees  may  be  spared  from  infestation. 

The  Montana  State  Board  of  Horticulture  is  making  special  effort  to 
keep  the  insect  from  entering* the  state.     All  nursery  stock  crossing  our 


THE  MONTANA  EXPERIMENT  STATION.  80 

borders  is  submitted  to  a  fumigation  and  at  the  main  receiving  points  for 
green  fruits  a  rigid  inspection  is  given  and  any  badly  infested  stock  is 
destroyed. 

WOULD  THE  INSECT  THRIVE  IN  MONTANA? 

I  have  often  been  asked  if  the  San  Jose  scale  would  become  a  serious  pest 
in  our  Montana  climate  should  it  gain  admittance.  The  question  can  be 
conclusively  answered  only  after  experimenting.  It  occurs  quite  commonly 
in  Canada  and  is  a  bad  enemy  to  fruit  culture  in  Oregon,  where  conditions 
are  not  very  materially  different  from  those  west  of  the  range,  at  least,  in 
Montana.  While  there  may  be  some  doubt  that  the  pest  would  be  a  serious 
menace  to  Montana  fruit  trees,  we  prefer  to  keep  the  benefit  of  the  doubt. 
We  could  not  afford  to  slack  our  vigilance  even  if  there  were  but  one  chance 
in  fifty  that  this  scale  would  prove  to  be  a  serious  enemy  in  Montana.  Every 
effort  should  be  made  to  keep  the  San  Jose  scale  out  of  our  sttfte. 

APPEARANCE  OF  THE  INSECT. 

The  ordinary  observer  will  not  usually  detect  the  San  Jose  scale  in  an 
orchard  until  it  has  multiplied  to  such  numbers  as  to  be  a  serious  injury  to 
the  trees.  Affected  trees  take  on  a  sickly  appearance,  fail  to  make  the  proper 
growth  and  have  foliage  less  brilliant  than  the  normal.  Such  trees  should  be- 
carefully  examined,  and  if  infested  with  this  pest  will  be  found  to  be  covered 
with  the  gray,  scurfy  scale  of  the  insect  Anything  doubtful  should  be  sent 
to  the  Experiment  Station  for  examination. 

Orcharuists  not  infrequently  become  alarmed  at  the  presence  of  grayish 
or  yellowish  specks  distributed  sparingly  and  evenly  over  the  bark.  These 
are  the  lenticels,  or  breathing  pores,  and  are  present  on  all  healthy  fruit  trees. 

HABITS  AND  DESCRIPTION. 

In  their  excellent  bulletin  on  this  insect.  Dr.  L.  0.  Howard  and  Mr.  C.  L. 
Marlatt  (Buletin  No.  3,  New  series  U.  S.  Dept.  Agr.,  Div.  of  Bnt.)  have 
given  a  detailed  account  of  its  life  history.  This  account  has  been  the  basis 
of  all  Subsequent  accounts  of  the  kind,  and  the  facts  of  its  life  history  as 
given  below  are  taken  from  the  same  source. 

In  all  armored  scales,  including  the  San  Jose  scale,  the  insect  spends  all 
but  a  few  hours  of  its  existence  attached  to  one  spot  on  its  host-plant,  and 
covered  by  a  more  or  less  convex  scale  made  up  of  a  "waxy"  secretion  pro- 
duced from  glands  in  the  body,  together  with  the  more  or  less  easily  distin- 
guished molted  skins  cast  off  by  the  insect  from  time  to  time  as  it  increases 
in  size. 

The  San  Jose  scale  lays  no  eggs,  as  do  many  scale  insects,  but  produces 
young  larvae  direct,  ready  to  crawl  off  almost  immediately.  The  young  larva 
is  almost  microscopic  in  size,  orange  yellow  in  color,  and  provided  with  six 
legs,  two  antennae  and  a  pair  of  eyes,  visible  from  above,  and  on  the  under 
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aurface  it  possesses  a  long,  thread  like  proboBclB.  It  soon  crawlB  out  from 
under  the  parent  scale  aad.  after  waDdering  about  for  a  tew  hours,  comes  to 
r«ftt,  and,  Insertiog  its  proboBcla,  begins  to  feed.  The  adult  female  produces 
young  over  a  period  of  about  six  weeks,  during  which  time  from  a  tew  tp 
something  like  five  hundred  are  born.  The  average  number  IB  about  four 
hundred. 


s.  Div,  Q 


i,,i;.  S.  Uepi  c 


II  Is  impossible  to  state  accurately  at  what  date  the  young  would  appear 
In  Montana  but  we  may  aafely  say  that  It  would  be  ta  abou  tth  etlme  the  leal 
buds  unfold,  or  a  little  earlier. 

Very  soon  after  the  young  larva  comes  to  rest  the  scale  may  be  seen  to 
assume  shape.  For  a  time  the  scales  of  the  two  sexes  cannot  be  distinguished 
from  each  other  but  the  male  scale  is  completed  long  before  the  female.  Tha 
mature  male  scale  Is  oblong-oval,  its  length  being  equal  to  about  half  the 
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diameter  of  the  female  scale,  black  or  grayish,  aod  having  In  the  center  ■ 

nipple  like  prominence. 

Within  this  scale  the  male 
larva  changes  to  an  a  dolt 
winged  form,'  an  tlluetratlcn 
of  which  Is  given  In  figure 
14.  It  is  orange  colored. 
Backing  out  of  Its  scale  it 
goes  in  quest  of  the  female 
which  by  this  time  Is  about 
half  grown.  After  Impreg- 
nation the  female  lDcrea»?« 
rapidly  In  size  and  at  from 
thirty-three  to'  forty  6a.y» 
after  birtli  begin  to  produce 
young. 

The  female  is  circular, 
slightly  convex  and  gray  or 
blackish  sometimes  of  a  yel- 
lowish tinge.  The  central 
part  is  yellowish  or  reddish. 
It  is  about  one  twenty-flfth  to 
one  twelfih  of  an  inch  In 
ameter. 

■  ;ie  number  of  broods  va- 
ries In  different  parts  of  the 
country  dependent  upon  the 
late.  Dr.  Howard  and  Mr. 
Marlatt  found  that  at  Wash- 
ington there  were  about  four 
Fieure  I)— Sun  Jos*  Scjier   i.iduii  tfinii*  ihoiviiiK  y«y    or  five  broods.     In  Montana 

ominienlji>lon'Dt\je«?"{;rei'ly  ^nlarK^d  '(Ht^ar/'inJ     there      would       doubtless      be 
M.,l«^  B.I.  No.  ,  Div.  of  En. ."  U.  5.  U.p..  of  Ag,  )  j^„^^_ 

The  insect  passes  the  winter  as  a  partly  grown  Impregnated  female,  the 
male  haying  died  in  the  fall.  In  the  spring  she  resumes  feeding,  completes 
her  growth  and  begins  producing  young.  Not  all  resume  jictlvity  at  the  same 
time  and  this  Fact  and  the  length  of  time  during  which  the  female  produces 
young  have  a  very  important  bearing  upon  their  treatment  with  remedies. 
In  many  egg  producing  scale  Insects  the  young  'are  hatched  almost  simul- 
taneously and  may  be  found  swarming  over  the  bark.  One  or  two  sprayiaga 
vlth  a  moderately  strong  insecticide  will  kill  nearly  a  whole  brood  of  such 
an  Insect  but  with  the  San  Jose  scale  where  the  young  are  produced  through- 
out the  season,  many  more  applications  are  necessary — so  many  that  it 
becomes   impracticable  to  control   the   Insect   by   attacking   the   larval   stage 
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•lone.  Thla  Ib  one  reason  vhr  the  San  Jose  scale  Is  so  hard  to  controL 
MBTHOD  OF  INJURY. 
It  Is  a  source  of  wonder  to  many  i>eople  that  Ineects  so  small  as  the  San 
JOBe  scale  can  overcome 
a  tree.  When  we  con- 
elder  how  Immensely 
prolific  the  species  is 
and  realize  that  the  lite 
of  a  tree  rests  Just  under 
the  bark,  we  can  easily 
,  see  that  the  death  of  a 
tree  may  be  readily 
brought  about.  Their  ac- 
cumulated aumbers  set- 
tling upon  the  bark  first 
weaken  the  tree  and 
finally  lead  to  its  ruin. 
Morever  tt  Is  not  neces- 
sary that  a  tree  be  en- 
tirely killed  to  be  ren- 

FiEure  I.. -San  Jose  Scale:    iduli  mil.-.    (Howard  dered  useless, 

ini  Marlatl,  BuJ.  No.  3,  Dlv.  of  Ent,.  U,  S.  Depl,  ^hC   insCCt  attacks   aU 

parts  of  the  tree — bark, 
leaves,  roots  and  when 
abundant  even  the  fruit.  On  fruit  it  often  causes  a  reddening  of  the  Imme- 
diately surrounding  parts.  While  this  aids  the  eye  in  detecting  the  insect 
on  fruit  it  cannot  be  depended  upon  to  distinguish  the  San  Jose  scale  from 
other  diseases. 

MEANS  OF  DISTRIBUTION. 

The  female  San  Jose  scale  does  not  possess  wings  at  any  time  of  its  life 
and  Is  without  legs  except  during  the  few  hours  of  larval  existence.  The 
young  larva  is  of  microscopic  dimensions  and  Is  Incapable  of  migration  (or 
any  great  distance.  The  Insect,  Is,  therefore,  practically  Incapable  of  spread- 
ing by  its  own  means.  It  is  often  carried  for  some  distance  on  the  bodies 
of  other  Insects  and  of  birds.  Winds  also  dislodge  the  larvae  and  carry  them 
for  a  considerable  distance.  None  of  these  methods  however  will  account 
for  the  almost  world  wide  distribution  of  the  species,  tn  very  many  cases 
its  presence  In  distant  orchards  and  nurseries  has  been  directly  traced  to 
imitorted  nursery  stock.  This  Is  undoubtedly  the  chief  means  of  distant  dis- 
tribution of  the  pest.  Infestation  has  also  been  traced  to  parings  of  infested 
fruit  being  thrown  where  larvae  developing  from  them  could  recb  suitable 
vegetation. 

FOOD  PLANTS. 

The  San  Jose  scale  attacks  nearly  all   deciduous   and   citrus  fruit  trees. 
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and  also  many  garden  shrubs  and  shade  trees.    It  is  most  severe  on  fruit 
trees. 

NATURAL  ENEMIES. 

Several  true  internal  parasites  have  been  taken  feeding  on  this  scale 
insect,  and  are  very  efficient  aids  In  keeping  it  in 'check. 

Several  lady-bird  beetles  feed  upon  the  insects  destroying  great  numbers 
but  we  cannot  look  to  either  class  of  enemies  to  exterminate  the  insect 

METHODS  OF  TREATMENT. 

All  trees  known  to  be  infested  should  be  dug  up  and  burned;  there  can 
then  be  no  question  that  the  insects  are  destroyed.  All  other  trees  in  the  same 
or  neighboring  orchards  should  be  treated  with  one  of  the  washes  mentioned 
below.  Should  the  state,  or  any  part  of  it,  ever  get  so  badly  infested  that 
eradicating  the  pest  would  be  out  of  the  question  it  would  then  be  more 
advisable  to  dig  out  only  the  worst  aflected  trees  and  treat  the  rest  with  a 
wash. 

Whale  oil  soap  has  been  for  a  number  of  years,  and  is  still,  the  safest 
and  best  all  round  remedy  for  the  scale.  The  first  experimenting  with  the 
substance  as  a  remedy  for  this  insect  was  done  by  Dr.  Howard  and  Mr.  Mar- 
latt  and  recorded  in  Bulletin  No.  3,  Div.  of  Ent.,  Dept.  of  Agr.  The  soap  should  • 
be  diluted  in  water  at  the  rate  of  two  pounds  in  one  gallon.  Using  hot  water 
facilitates  bringing  it  into  solution  and  it  should  be  applied  while  still  hot. 
It  may  be  applied  as  a  spray  or  with  a  brush  or  rag.  It  can  be  used  with 
safety  to  the  trees  only  between  the  time  the  leaves  drop  in  the  fall  and  the 
buds  swell  in  the  spring.  If  thoroughly  applied  twice,  the  greater  part  of  the 
scales  will  be  killed. 

The  wash  most  commonly  used  in  the  Pacific  states  is  the  lime,  sulphur, 
and  salt  solution.  This  is  employed  only  as  a  winter  wash  and  is  applied 
once  in  the  fall  after  the  leaves  drop  afid  once  in  the  spring  before  the  buds 
swell.  This  wash,  though  of  great  service  in  California,  Washington  and 
Oregon,  has  been  found  to  act  very  differently  in  the  eastern  part  of  this 
country,  being  almost  without  effect  on  the  scale.  There  seems  to  be  reason, 
therefore  to  question  whether  the  wash  would  be  effective  in  Montana.  If 
opportunity  is  presented  it  would  be  well  for  different  individuals  to  test  the 
wash  in  this  state. 

Kerosene  is  now  being  used  for  this  and  other  scales  but  with  varying 
results.  At  the  annual  meeting  of  the  American  Association  of  Economic 
Entomologists  held  at  Buffalo.N.  Y.,  in  August,  1896,  Professor  F.  M.  Webster 
reported  that  undiluted  kerosene  had  been  used  in  two  orchards  near  New 
Richmond,  Ohio,  with  marked  success  and  without  the  least  injury  to  the 
apple  and  peach  trees,  to  which  it  had  been  applied.  The  statement  was 
received  with  much  surpriee  and  interest  and  a  number  of  entomologists 
present  soon  began  experiments  in  their  respective  states.  Much  has 
been  published  on  the  subject  Fince  that  time  and  strikingly  different  results 
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have  been  recorded.  In  some  cases  kerosene  has  been  found  an  excellent 
remedy,  all  scales  being  killed  without  injury  to  the  trees  while  in  other  cases 
it  has  destroyed  insect  and  tree  together.  The  cause  for  this  confiiction  in 
results  is  not  fully  understood.  Experiments  haye  shown  that  the  trees  are 
less  liable  to  injury  if  the  spray  is  very  fine,  and  applied  during  a  bright  day 
in  winter,  care  being  taken  that  none  is  allowed  to  run  down  the  trunk  and 
collect  at  the  base.  Even  with  these  precautions  the  treatment  is  not  always 
safe.  If  the  substance  could  be  used  without  danger  of  injury  to  the  trees  it 
would  be  by  far  the  best  remedy.  Anybody  desiring  to  try  the  substance 
should  first  experiment  on  a  few  trees  of  different  kinds.  It  should  be  used 
only  while  the  tiees  are  dormant  and  the  results  should  be  studied  for  a  full 
season. 

Trees  should  be  pruned  back  before  applying  any  of  these  washes. 

A  comparatively  recent  method  of  treating  for  San  Jose  scale  and  other 
insects  is  that  of  fumigation  with  potassium  cyanide  gas,  commonly  called 
liydrocyanic  acid  gas.  The  San  Jose  scale  has  no  egg  stage  and  passes  the 
winter  as  a  partly  grown  insect.  The  gas  therefore  is  fatal  to  the  insects 
whenever  applied. 

The  essential  principles  of  fumigation  are  given  in  Part  II.  For  the  treat- 
ment of  nursry  stock  either  an  air  tight  enclosure  or  a  tent  constructed  for 
tne  purpose  may  be  used. 


The  Oyster-shell  Bark»louse. 

Mytilaspis    pQmorum     Bouche. 

DISTRIBUTION. 

It  is  probable  the  oyster-sheil  bark-louse  came  originally  from  Europe. 
It  is  now  found  all  over  the  world  and  is  the  best  known  of  any  of  the  orchard 
scales.  It  was  probably  introduced  into  this  country  on  nursery  stock  in  the 
early  history  of  our  nation.  Published  records  show  it  to  be  very  widely 
distributed  in  the  United  States.  A  very  .few  cases  of  infestation  have  been 
found  in  Montana  by  the  inspectors  of  the  State  Board  of  Horticulture.  The 
state  as  a  whole  is  remarkably  tree  from  the  pest. 

FOOD  PLANTS. 

The  insect  attacks  a  large  number  of  plants  including  apple,  pear»  plum, 
quince,  hawthorn,  raspberry,  currant,  linden,  willow,  cottonwood,  poplar,  wild 
cherry,  rose  and  white  birch.  Many  of  these  plants,  beside  apple,  it  attacks 
so  severely  as  to  threaten  their  life. 

LIFE  HISTORY  AND  DESCRIPTION. 

The  scales  of  the  two  sexes  are  quite  different  in  size  and  appearance. 
The  scale  of  the  female  is  elongated,  broader  at  the  posterior  end  than  at  the 
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anterior,  about  noe-elgbth  of  aa  inch  Ions;  rounded  on  the  upper  surrace  flat 
beneath.  The  different  etageB  of  the  Insect  are  shown  In  flgureB  15  and  1G. 
If  one  of  the  female  scales  he  turned  over  during  the  winter  there  may 
be  seen  a  large  number  of  very  minute  white  egge  cloBely  packed  together, 
and.  at  the  anterior  end  of  the  acale  the  dead  and  shriveled  body  of  the  Insect 
that  laid  them.  According  to  Dr.  Howard  the  number  of  eggS  from  one  Indi- 
vidual varies  from  42  to  8fi.  With  reviving  nature  in  the  spring  these  egga 
batch  into  minute  larvae  represented  at  Figure  16.c.,  wblcb  crawl  out  from 


under  the  parent  scale  and  scurry  off  to  find  places  to  settle  down.    In  more 
southern  parts  of  the  United  States  there  are  two  broods  of  the  Insect  in  one 

It  Is  Impossible  to  state  at  what  time  the  eggs  hatch  in  Montana:  the 
time  doubtless  varies  greatly  in  dltfe  «it  seasons.  No  observation  has  been 
made  in  Montana  to  determine  this  point,  but  It  is  probable  that  the  middle 
of  June  is  not  tar  from  the  time.  The  time  of  appearance  ot  the  young  larvae 
is  important,  as  this  Is  the  point  in  the  insect's  life  when  it  is  most  readll; 
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Ttached  vltta  Inqectictdes.    Tbe  male  scale  la  much  amaJlflr  than  that  of  the 
tunale  but  is  of  the  same  color. 

INJURIES. 

A  few  speclmena  on  an  apple  tree  or  other  plant  would  do  no  barm. 
Injury  comes  only  through  tbe  presence  of  larg«  numbers.  The  Insect  feeds 
b7  imbibing  the  Juices  of  the  plant;  It  doee  not  devour  the  solid  substance. 
In  taking  up  the  Julcee  it  Injures  the  part  of  the  plant  Immediately  under  it 
and  when  there  are  enough  individuals  present  to  cover  a  considerable 
portion  of  the  bark  tbelr  presence  may  be  a  serious  menace  to  tbe  tree. 

Tbe  insect  only  rarely  attacks  the  fruit.  It  la  a  bark  Infesting  speciea. 
Neither  this  species  nor  the  scurfy  bark-lonse  are  to  be  compared  to  the  Sao 
Jose  scale  In  Importance. 


The  most  effective  remedy  is  to  spray  with  kerosene  emulsion  diluted 


Figure  l«.-~OTM«r-ebell  Bark-looH:  ■,  adult  aiml-;  b,  foot  oTsiimc; 
c  rounaUrtK  d.uUeDiu  ofgune;  e,  wluK  female  (Kk>n  rrom 
■cb!(;  »,  o.e.  greatly  enUrged;  b,  d,  more  enlarged.  (Howiinl 
Yeubook,  U.  9,  Dept.  otAgr.) 

witb  nine  parts  of  water  when  tbe  young  are  hatching  in  the  spring  of  th« 
yaar.  Tbe  delicate  young  larvae  easily  succumb  to  this  treatment  A  second 
application  should  be  made  a  few  days  later  to  kill  any  remaining  larvae. 
The  first  spray  should  be  applied  soon  after  the  first  young  lice  are  seen.  A 
dilute  solution  of  whale  oil  soap  will  probably  serve  tbr  same  purpose. 
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The  Scurfy  Bark-louse. 

Chionaspis  furfura     Fitch. 

DISTRIBUTION. 
Tbls  flcale  Insect  is  a  aatlve  Nortb  American  species  and  Is  well  known 
In  moat  parts  of  I  he  country.     It  has  not  yet  been  reported  from  Montana. 
FOOD  PLANTS. 
Various  authors  hare  published  this  Insect  as  occurrtng  on  apple,  pear, 
peach,  cherry,  currant,  crab  apple,  Japan  quince,  blackberry,  choke  cherry, 
mountain  ash.  black  walnut  and  raspberry. 

LIFE  HISTORY  AND  DESCRIPTION. 
The  scales  of  both  sexes  are  white  but  are  very  different  In  form  and  slie. 
The  female  scale  (Figure  IT  c.)  Is  much  larger  than  the  male  (Figure  17  d.) 
and  is  more  or  less  pear  shaped 
while  that  of  the  male  Is  elongated 
with  parallel  sides  and  possesses 
three  ridges  running  down  the 
back.  The  female  scale  is  about 
one-tenth  o(  an  Inch  long. 

As  la  the  case  of     the     oyater- 

shell  bark- louse,  this  insect  passes 

the  winter  aa  eggs  closely  packed 

under  the  parent  scale  along  with 

the  dead  and  shriveled  body  of  the 

female.      The    Insect    usually    lays 

from  thirty  to  fifty  eggs,  though  Dr. 

Howard    haa    recorded    seventy-five 

and  they  are  reddish  purple  In  color. 

They  are  deposited  In  the  tall  and 

hatch  In  moat  parts  of  the  northern 

"f7"T^"'b''lt''''i"ii-?'d''i^S!iS5  United  States  In  the  latter  part  of 

iHowmrdYMirtKic*,  tJ.S.]>«'pi!o'r*Br.)  May   and   early   in  June.     There  Is 

only  one  generation  In  the  northern 

part  of  the  country  though  It  Is  probable  that  farther  south  two  and  perhaps 

three  occur. 

Usually  the  species  confines  Its  attack   to  the   bark  of  the  tree  but 
occastonally  it  attacks  the  leaves.    It  seldom  If  ever  atUcks  the  fruit. 

This  species  goes  through  the  same  transformations  as  does  the  species 
last  discussed. 

INJURY. 
This  species  la  usually  considered  to  be  of  less  economic  importance  than 
the  oyster-shell  bark-louse,  but  at  times  It  becomes  very  destructive.  Professor 
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Osborn  writing  of  it  says:  "This  species  Is  at  times  very  plentiful  and 
destructive  in  our  orcliards  and  whenever  seen  should  be  promptly  treated." 
Dr.  Littner  says :  '"This  scale  insect  known  to  science  as 'Chionaspis  furfurus' 
(Fitch),  is  quite  common  in  the  state  of  New  York,  where  it  is  believed  to  be 
more  numerous  and  more  injurious  than  any  other  of  the  United  States.  I 
have  recently  seen  an  orchard  of  the  Kieffer  pear,  in  Columbia  county,  N.Y., 
in  which  the  trunks  of  from  three  to  four  inches  in  diameter,  were  so  thickly 
crusted  with  the  scale  that  at  a  little  distance  they  appeared  as  if  they  had 
been  whitewashed."  Numerous  other  cases  might  be  cited  which  would  go  to 
show  this  to.be  a  destructive  insect  at  times. 

NATURAL  ENEMIES. 
There  are  a  number  of  natural  enemies  of  this  species.    The  twice  stabbed 
lady  bug,  'Chilocorus  bivulnerus,'  is  thought  to  be  very  importanat  in  holding 
the  scale  in  cheek.    Were  it  not  for  this  little  friend  it  is  very  probable  that 
orchardists  would  have  much  more  trouble  from  thip  scale  insect. 

REMEDIES. 
The  remedies  for  this  species  are  the  same  as  for  the  oyster-shell  bark- 
louse. 


The  Woolly  Aphis  of  The  Apple. 

{SchizoneuKa  lanigera  Hausffiann.) 

DISTRIBUTION. 

There  is  considerable  doubt  as  to  whether  the  woolly  aphis  is  of  European 
or  American  origin  and  the  question  will  probably  never  be  settled.  As  early 
as  1787  it  was  detected  on  stock  arriving  in  England  from  America.  In 
Europe  it  soon  took  the  name  of  "American  blight."  which  name  it  has  held 
there  ever  since.  In  his  very  useful  paper  on  this  insect,  published  as  a 
circular  (No.  2,  Second  Series)  of  the  Division  of  Ent.,  U.  S.  Dept.  of  Agr., 
Mr.  C.  L.  Marlatt  records  the  insect  from  Australia,  New  Zealand,  India, 
Chili  and  states  that  it  occurs  practically  wherever  the  apple  is  grown. 

It  is  very  widely  distributed  in  the  United  States  and  appears  to  thrive 
both  in  northern  and  southern  states.  Its  chief  means  of  distribution  over 
long  distances  is  on  the  roots  of  plants  sent  as  nursery  stock. 

OCCURRENCES  IN  MONTANA. 

Only  one  case  of  infestation  in  Montana  has  been  brought  to  our  attention. 
While  the  writer  was  visiting  Missoula  in  September  1899  Mr.  M.  M.  McDonald 
pointed  out  a  single  small  tree  moderately  infested  with  woolly  aphis  but  the 
tree  showed  no  injury.  A  few  other  similar  cases  have  been  said  to  have 
occurred  in  Montana  but  as  yet  there  has  been  no  serious  outbreak. 
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UPE  HISTORY  AND  METHOD  OF  ATTACK. 
Tbe  W00II7  apbts  exists  In  two  forms,  one  above  tbe  ground  oa  tii» 
water  sprouts  or  often  In  partly  healed  wounds  sucb  as  tbose  caused  by  th» 
removal  of  branches,  and  another,  found  only  on  the  roots. 

The  aerial  form  appears  as  masses 
of  whitish  flocculent  matter  which 
when  broken  apart  reveals  the  dark 
colored  bodies  of  tbe  Insects.  The 
flocculent  or  woolly  matter  Is  simply  a 
secretion  from  tbelr  bodies. .  Tbe 
presence  of  this  form  of  the  Insect 
sometimes  gives  a  tree  a  distinct 
whitish  appearance  over  a  part  of  Its 
surface. 

Attention  should  be  called  to  the 
fact  that  tbere  are  apblds  attack- 
ing various  trees  besides  apple,  which 
produce  the  woolly  or  flocculent 
growth  from  their  backs.  A  woolly 
aphis  Is  not  necees^ly  the  woolly 
aphis  of  the  apple. 

The  root  form  of  the  Insect  Is  the 
one  which  is  responsible  for  much  the 
greater  part  of  the   injury  caused   by 
the    species.      Its    attack    causes    the 
roots    to   take    on    irregular    enlarge- 
ments   known    as    galls    and    in    the 
cracks  and  corners  of  these  galls  the 
Insects  occur.  See  Figure  20,  a,  b,  and  c. 
Tbe  insects'  attack  is  much  more 
serious  on   nursery  stock  and   newly 
T™»"t^Ti"ii^iS'drf«ii^  b.        planted  orchards.     A   moderately  In- 
McalonoTrootvlth  llpe  cliuiered  over         feBted  tree  may  show  no  serious  effects 
It:  D.  root  iDiiM.  (emalB— ■  and  b,  nat-  j  - 

lund.    lUariBtt        but    one    badly    attacked    aBsumes    : 

d  Serin,   "'~  -' 


•^-k*^ 


'    apblc    >,  Boot    of 


Circular  No.  10.  HecoDd  Herlaa,  Dtv.  oT  ,   ,  ,  ^    .   ,.      .       _    > 

Enl.,U.o.  Doptof  igr.)  sickly   appearance   and   falls   to   make 

tbe  normal  growth.    Continued  attack 
results  In  death  of  the  tree. 
In  the  fail,  winged  individuals,  very  dark  in  color  with  more  or  lees 
cottony  secretion  on  their  backs  make  their  appearance  and  are  a  means  of 
ext^slon  of  the  colony  of  the  Insect, 


The  desirability  of  preventing  this  insect  from  entering  the  orchard  ts 
apparent.  No  apple  trees  should  be  planted  without  first  examining  the  roots 
for  the  galls.    If  the  galls  are  numerous  and  large  the  trees  should  not  be 
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accepted;  if  few  and  small  dipping  the  roots  for  a  few  seconds  in  kerosene 
emulsion  diluted  with  eight  parts  of  water  will  disinfect  them.  A  whale  oil 
soap  solution  may  be  used  for  the  same  purpose. 

Fumigation  will  also  rid  stock  of  the  root  form  of  the  insect.  But  if 
winter  eggs  of  the  aerial  form  are  present  they  will  not  be  affected.  These 
eggs  are  so  small  as  to  usually  escape  detection. 

The  aerial  form,  in  growing  trees  jcan  be  easily  gotten  rid  of  by  spraying 
with  kerosene  emulsion  or  whale  oil  soap.  Considerable  force  in  the  spray 
is  necessary  in  order  to  penetrate  the  masses  of  insects. 

Various  methods  of  attacking  the  root  form  have  been  proposed,  none  of 
which  is  altogether  satisfactory.  Probably  the  best  treatment  is  to  remove 
temporarily  the  surface  soil  from  above  and  apply  water  heated  almost  to 
the  boiling  point,  in  sufficient  quantity  to  soak  the  earth  nearly  a  foot  deep. 
Lime,  gas  lime,  ashes,  soot,  tobacco  dust,  tobacco  solution  ahd  strong  soap 
solutions  have  also  been  applied  in  the  same  way.  Simple  hot  water  will  us- 
ually be  found  to  be  most  convenient  and  least  expensive. 


The  Apple  Plant-Louse* 

{Aphis   mali    Fabr,) 

DISTRIBUTION. 
'  The  apple  plant-louse,  also  known  as  the  green  aphis,  is  one  of  the  mos 
common  and  best  known  fruit  pests  of  Montana.  There  is  scarcely  an  orchard 
';7hich  is  not  more  or  less  affected.  Nearly  half  a  century  ago  Dr.  Asa  Fitch 
received  specimens  of  the  European  insect.  Aphis  mali,  direct  from  Europe 
and  after  making  comparisons  stated  that  there  was  left  in  his  mind  not  the 
slightest  doubt  that  the  aphis  which  so  commonly  attacks  apple  in  this 
country  was  the  same  species.  Dr.  Fitch  believed  that  it  was  introduced  in 
nursery  stock  and  was  doubtless  correct  in  his  opinion. 

INJURIES. 
This  insect  when  abundant  causes  considerable  injury  to  the  tree.  Usually 
the  most  apparent  injury  is  that  inflicted  on  the  leaves  which  take  on  a  curled 
and  disfigured  appearance.  Not  less  important  is  the  injury  to  the  unfolding 
buds  in  the  spring.  Settling  upon  the  young  and  tender  leaves  the  lice 
seriously  interfere  with  their  growth  and  diminish  the  vitality  of  the  tree. 

FOOD  PLANTS. 
This  insect  principally  attacks  apple  but  Prof.  F.  M.  Webster  has  observed 
it  feeding  on  quince,  grasses,  wheat  and  other  plants  (Bull.  51,  Ohio  Agr.  Exp. 

Sta.,  1893,  p.  111).  ' 

LIFE  HISTORY  AND  DESCRIPTION. 
During  the  winter  a  close  examination  around  the  buds  of  apple  often 
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reveals  more  or  less  numerous  shiny  black  ellipsoidal  bodies — ^the  eggs  of  the 
apple  aphis.  These  hatch  into  little  green  lice  commonly  found  on  apple 
twigs  at  spring.  These  lice  give  birth  to  others  within  a  few  days  which  In 
turn  give  rise  to  a  third  generation.  According  to  Prof.  Webster  by  about 
three  weeks  after  the  eggs  begin  to  hatch  winged  lice  appear  which  abandon 
the  tree  and  go  to  grasses  and  probably  some  common  weeds. 

Generation  after  generation  appears  during  the  summer  and  at  fall,  eggs 
are  deposited  to  continue  the  species  the  next  spring. 

The  winged  lice  instead  of  being  clack  throughou>t,  as  are  those  without 
wings,  have  the  body  black  except  the  abdomen. 

NATURAL  ENEMIES. 

There  are  many  insects  which  prey  upon  the  Aphis.  Even  the  minute 
eggs  do  not  escape  being  destroyed  since  two  very  minute  parasites  attack 
them.  Great  numbers  are  destroyed  by  the  larvae  and  adults  of  lady  beetles 
and  the  larva  of  the  common  lace  wing  fly,  Chrysopa  oculata.  Very  often 
on  opening  up  a  curled  leaf  infested  with  this  aphis,  small  flat  worms  rounded 
at  one  end  and  pointed  at  the  other,  are  seen  busily  picking  up  the  lice,  one 
by  one,  on  the  pointed  end  of  the  body  and  devouring  the  contents  of  the 
body.  These  are  larvae  of  flies  known  as  Syrphus  flies.  These  enemies  are 
very  useful  in  holding  the  apple  aphis  in  check.  So  efficient  are  they  that 
the  aphis  seldom  causes  great  injury  except  in  the  spring  of  the  year  before 
the  enemies  get  out  in  force. 

REMEDIES. 

Picking  off  a  very  few  leaves  will  often  rid  a  tree  of  nearly  all  the  lice 
upon  it.  Spraying  with  kerosene  emulsion  or  whale  oil  soap  is  usually  the 
best  remedy  for  the  pest  when  generally  distributed  unless  it  be  that 
only  a  few  terminal  branches  are  attacked  when  simply  dipping  the  affected 
parts  in  a  pail  of  the  insecticide  is  found  to  be  more  satisfactory. 

It  is  not  probable  that  the  winter  eggs  can  be  reached  without  injury  to 
the  trees. 


The   Pear   Psylla. 

Psylla    pyricola    Foster. 

ORIGINAL  HOME  AND  PRESENT  DISTRIBUTION. 

In  the  eastern  part  of  the  United  States  this  insect  is  a  well  known  pest 
and  has  caused  much  destruction.  It  is  of  European  origin  ^nd  was  imported 
into  this  country  in  the  early  part  of  the  present  century.  It  at  once  made 
Itself  known  and  has  now  spread  throughout  the  United  States  east  of  the 
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INDICATIONS  OF  ITS  PRESENCE. 

The  etfecta  upOD  tbe  tree  are  more  noticeable  tban  tbe  Insects  ttaemselvea. 
In  severe  cases  of  attack  but  little  new  growtb  Is  put  forth,  tbe  tree  bears  a 
weakened  sickly  appearance  and  sometimes  tbe  leaves  and  fruit  are  prema- 
turely sbed.  Wben  they  are  abundant  large  quantities  of  sweet  watery  liquid 
called  houey  dew  are  secreted  by  the  Insects  and  forms  a  coating  over  the 
leaves  and  branches.  Affected  trees  are  sometimes  noticeable  foran unusual 
number  of  insects  flying  among  tbe  branches  and  gathering  these  sweets. 
This  same  appearance  often  follows  the  attack  of  apbids. .  This  honey  dew 
soon  becomes  Qlled  with  a  black  fungus  giving  the  tree  a  dirty  appearance. 
Prof.  Sllngerland  has  observed  that  in  tbe  state  of  New  York  all  varieties  and 
ages  of  trees  are  attacked. 

LIFE  HISTORY  AND  DESCRIPTIONS. 

We  are  indebted  to  Prof.  Sllngerland  of  Cornell  for  the  greater  part  of 
what  Is  known  of  tbe  life  hlBtory  of  this  important  insect.  It  passes  the 
winter  in  the  adult  state  hidden  In  crevices  and  under  the  loose  bark  of  the 
trunk  and  larger  limbs  of  the  tree.  On  tbe  arrival  of  warm  weather  they 
leave  their  winter  quarters,  the  senes 
mate,  and  the  femalps  begin  laying 
their  eggs  which  process  Is  completed 
early  in  the  seaBon.  The  eggs  are 
placed  on  the  twigs  often  on  or  near 
the  terminal  antl  lateral  buds.  TTiey 
may  he  laid  sinfily  or  In  rows,  Tbe 
eggs  are  very  minute,  measuring  but 
oieelshtiPthof  an  inch  fn  length.  They 
are  elongated,  pear  shaped,  yellow 
at  flret  hut  bnome  darker  before 
hatching. 

The  secluded  crevices  furnished  by 
the  bases  of  (he  leaves  and  other 
crevices    are    the    favorite    haunts    of 

i^DepT.'otAiT.)'"   ~ the    young    nymphs.      The    young   are 

quite  Inactive  but  on  reaching  matur- 
ity, which  occurs  In  about  a  month  their  strong  legs  and  wings  enable  them 
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to  fly  Qp  aod  away  very  quickly. 


Fir.  Zt  ^Pe«'-lrBe  piTUt  nymph,  artUly 
•alBrgcd.  (HarUtlClrcuUr,  No.  7.  DIt. 
of  Em..  U.a  Drpt.  ol  Agr.) 


In  tbe  state  of  New  Tork  tb«r« 
are  at  leaet  four  broods.  The  eggs 
of  the  later  broods  are  placed  od 
tbe  leaves  aud  batcb  lu  eight  to 

INJURY. 
Tbe  Insects  injure  the  trees  by 
extracting  large  quantities  of  sap 
from    tbe  bark,   buds,  leaves,   leaf 
and  (rult  stems,  not  only  what  la 
assimilated    as   food,    but    what   la  • 
secreted   as  "honey  dew."     It  ap- 
pears to  be  very  Injurious  at  times 
but   a   long   period   of   years   may  * 
occur    In    which    It     la    but    UtUe 

It  spreads  but  slowly  of  Its  own 
accord  but  has  been  widely  dis- 
seminated on  nursery  stock. 
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REMEDIES. 

Prof.  Slingerland  found  that  only  a  part  of  the  eggs  could  be  killed  even 
by  dipping  them  in  kerosene  oil,  turpentine,  benzine  and  several  substances 
used  for  killing  scale  insects.  A  very  effective  remedy  for  the  nymphs  is 
spraying  with  kerosene  emulsion  dilutee  with  ten  to  fifteen  parts  of  water. 
Prof.  Slingerland  states  that  this  treatment  will  also  kill  the  adult  insects. 
The  first  application  should  be  made  Just  as  the  leaves  are  beginning  to 
expand.  A  second  and  third  spiay  would  probably  be  necessary.  It  is  to  be 
urged  that  Montana  fruit  growers  watch  carefully  for  this  pest  and  treat  for 
it  if  it  is  found  even  in  small  numbers.  The  insects  will  not  be  killed  unless 
actually  touched  with  the  spray  so  the  application  should  be  very  thoroughly 
ibade. 

The  adults  may  be  successfully  treated  in  winter  by  an  application  of 
whale  oil  soap.  While  the  kerosene  emulsion  spray  is  much  more  effective 
if  applied  at  the  very  beginning  of  the  season  when  the  nymphs  are  hatching, 
it  may  also  be  used  with  success  later  on  when  the  tree  is  in  full  foliage  and 
the  Insect  present  in  all  stages.  One  thing  to  be  urged  in  the  use  of  these 
remedies  is  thoroughness. 


The  Tarnished  Plant-bug. 

Lygus  pratensis  Linn, 

DISTRIBUTION  AND  INJURIES. 

This  insect  occurs  throughout  the  United  States  and  extends  into  Mexico 
and  CJanada.  A  great  many  accounts  have  been  written  by  American  authors 
and  it  has  been. recorded  as  injurious  to  a  large  number  of  cultivated  and 
native  plants.  It  has  been  known  to  cause  great  destruction  to  young  pear 
and  i>each  trees.  It  feeds  on  nearly  all  farm  and  garden  crops.  The 
pest  was  reported  this  spring  from  the  Bitter  Root  valley  as  very  injurious 
ID  the  blossoms  of  strawberry  causing  them  to  wither  and  die.  Last  season 
the  species  was  very  injurious  lo  asters  in  the  garden  of  the  Experiment 
Station  and  was  reported  by  Mr.  H.  C.  B.  Golvill  as  injurious  to  fruit  trees. 
I  have  observed  the  species  to  be  exceedingly  abundant  on  grasses  and  weeds 
Q  the  open  unploughed  fields  of  the  state. 

LIFE  HISTORY. 

The  insect  passes  the  winter  in  an  immature  condition  under  any  con- 
venient shelter.  The  eggs  are  deposited  on  the  stems  of  plants  and  the  young 
hatch  and  feed  on  the  tender  parts  of  the  plant. 

MEANS  OF  CONTROL. 

.This  is  one  of  those  insects  for  which  no  satisfactory  remedy  is  known. 
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Food  is  taken  up  through  a  sucking  beak  so  that  poison  applied  to  th» 
affected  plant  does  not  harm  the  insects.  Contact  insecticides  are  not  very 
effective  on  account  of  the  thick  protective  covering  of  the  body.  If  it  is 
once  driven  from  a  field  it  will  soon  come  in  again.  On  low  growing  plants 
like  strawberry  it  is  next  to  impossible*  to  control  the  pest.  On  higher  plants 
like  nursery  trees  the  best  way  of  reducing  their  numbers  is  to  jar  them  off 
during  the  cool  part  of  the  day  when  they  are  least  active,  catching  them  in 
a  receptacle  beneath.  "Construct  a  light  wooden  frame  about  two  and  a  half 
feet  square,  with  wires  from  the  corners  to  a  small  central  ring,  which  should 
be  at  least  10  inches  lower  than  the  frame.  Fasten  to  the  frame  and  encloBe 
the  wires  with  a  light  cloth  (oil  cloth  would  be  preferable)  in  such  a  manner 
that  insects  dropping  upon  it  would  roll  toward  the  center,  and  be  caught  in 
a  small  pail  or  can,  containing  a  little  kerosene  and  water,  fastened  to  the 
central  ring.  A  short  handle  should  be  fastened  to  the  frame  for  its  con- 
venient  use  in  the  nursery  rows."     (Dr.  J.  A,  Lintner). 


Currant  Flies. 

Rhagoletis  ribicola  Doane, 
Epochra  canadensis  Loew: 

DISTRIBUTION. 

In  some  parts  of  the  state,  if  not  in  all,  a*  considerable  portion  of  the 
annual  crop  of  currants  is  destroyed  by  insects  which  work  inside  the  berries 
causing  them  to  prematurely  turn  color  and  later  to  drop  off.  This  destruc- 
tion is  caused  by  the  maggots  of  one  or  two  species  of  flies.  There  are  at 
least  two  species  that  work  in  this  way  In  the  United  States,  one  known  as 
the  Dark  Currant  Fly  (Rhagoletis  ribicola  Doane)  and  one  as  the  Yellow 
Currant  Fly  (Epochra  canadensis  Loow.)  which  has  been  known  for  a 
much  longer  time.  It  has  not  been,  determined  which  of  these  species  is 
found  in  Montana;  it  is  probable  however  that  bota  are  present. 

Prof.  C.  V.  Piper  and  Prof.  R.  W.  Doane  have  published  a  very  helpful 
account  of  these  insects  in  Bulletin  36  of  the  Washington  Exp.  Sta.  It  is 
from  this  bulletin  that  the  accompanying  illustrations  (Figure  24  and  Figure 
25)  are  taken  by  courtesy  of  the  authors.  They  state  that  both  occur  ia 
Washington  but  that  the  Dark  Currant  Fly  has  been  more  abundant  and 
destructive. 

Both  species  also  attack  gooseberries.  In  1891  Prof.  C.  P.  Gillette  found 
the  yellow  species  very  abundant  in  gooseberries  in  Colorado.  Prof.  F.  L, 
Harvey  found  this  species  very  destructive  in  Maine  and  published  a  val- 
uable account  of  it  in  Bulletin  35  of  the  Maine  Exp.  Sta.,  1S97.     The  dark 
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species  appears  to  have  been  recorded  ouly  from  Washington. 
DESCRIPTIONS  AND   LIFE   HISTORIES. 
The  yellow  currant  fly  In  the  adult  atagv  is  about  the  site  of  a  common 
hoiue  fly  or  a  little  BmaUer,  pate  yellow  or  orange,  with  greenish  eyes  and 
dark  patches  or  stripes  on  the  wings.     In  Washington  they  were  observed    . 
about  the  bushes  from  May  ID  to  June  30.     The  female  lays  about  two 
bondred  eggs  according  to  Prof.  Harrey  and  occupies  about  a  month  In  the 
process,  laying  usually  one  egg  on  a  berry.     The  egg  soon  hatches  Into  a 
irhlte  footless  maggot  which  bores  to  the  center  of  the  berry  and  remains 
until  fully  grown  or  about  three  weeks,  feeding  chiefly  on  the  seeds  which  it 
hollows  cut,  often  disappearing  within  a  seed.    When  fully  grown  It  bores 
to  the  surface  and  leaves  the  fruit  either  before  it  drops  to  the  ground  or 
after.    It  burrows  Into  the  ground  and  forms  a  pupa  in  which  state  it  remains 
till    the    following    season. 
The  adult     dark    currant 
fly  according  to  Prof.  Piper 
.  and  Mr.  Doane  Is  only  about 
'  half  as  large  as  the  common 
house     fly.      T^ie     body     is 
shining  black,  with  two  nar- 
row   yellow    line  s   on    the 
sides  In  front  of  the  wings 
and    a    rather    conspicuous 
yellow  spot  In  the  middle  of 
c  the  back.    The  head  Is  pale 

yellow;  the  eyes  greenish 
irrldeseent;  the  legs  are 
also  pale  yellow,  the  second 
Joint  from  the  body  much 
darker,  sometimes  almost 
black.  ■  The  wings  are  pret- 
tily     marked      with      four 


mm^ 


Wi^lBtttm  Eip .  at*. . 
cross  bands  as  shown  in  figure  2&,a. 

In  Washington  the  flies  are  on  the  wing  from  June  15  to  July  15.  Aside 
from  the  time  for  appearing  and  disappearing  In  the  spring  being  later, 
the  life  historj,  so  far  as  knowa,  does  not  differ  essentially  from  that  of  the 
7eIlow  species. 

REMEDIES. 

The  eggs  of  these  insects  are  deposited  under  the  skin  and  spraying 
would  do  no  good.  Frequent  gathering  and  destroying  the  fallen  berries 
will  greatly  reduce  the  number  which  will  appear  the  following  season  to  lay 
eggs  for  the  new  brood.    This  method  will  not  reach  all  since  some  of  the 
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maggots  leave  the  currants  before  they  drop.    The  maggots  burrow  Into 
ground  tor  a  short  distance,  probably  not  over  an  Inch  and  If  the 
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earth  is  removed  and  either  burled  or  put  In  a  road  or  other  exposed  plac«, 
the  larvae  will  be  hilled. 

The  WaBblngton  bulletin  mentioned  above,  recommends  as  the  surest 
method  of  ridding  the  busbee  of  this  pest,  gathering  and  destroying  the 
entire  yield  of  currants  before  the  nlsects  have  time  to  leave.  Tbls  la  no 
doubt  advisable  provided  there  are  no  Infested  neighboring  bushea  frMii 
'which  rein fe station  may  occur  the  following  spring. 
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The   Pear-leaf  Blister-mite. 

{Phytoptus  pyri  Scheuten.) 

The  pear-leaf    bllstar-mlte     though  not  an  Ineect,  etrfctl;  speaking,  is 
glreii  a  place  In  thle  bulletin  because  of  Ite  importance  aa  a  fruit  peat  and 
because  It  has  been  found  causing  Injury  to  pear  trees  In  Montana. 
ORIGINAL,   HOME   AND   PRESENT   DIBTRIBDTION. 
There  can  be  little  doubt  that  Europe  Is  the  original  home  of  the  'mite 
and  that  It  haa  been  dletrlbnted  In  nursery  stock  to  the  other  countries  In 
which  It  now  occurs.  It  has  been  reported  also  from  South  Africa,  Australia 
and  Canada,  and  Is  quite  generally  distributed  In  the  United  States.    It  Is 
perhaps  more  prevalent  on  the  Pacific  slope  than  elsewhere  In  this  country. 
FOOD    PLANT. 
This  pest  has  never  been  reported  to  attack  any  kind  of  tree  other  than 
the  pear,  so  far  as  Is  knwon  to  me,  and  it  is  probable  that  It  confines  its  at- 
tack to  this  fnilt  tree. 

NATURE  OF  ITS  ATTACK. 
As  the  leaf  buds  unfold  In  the  sprllng.  there  may  be  seen  red  spots  or 
blotches  an  eighth  of  an  inch  or  more  In  diameter  scattered  more  or  less 
numerouBly  over  the  surface  of  the  young  and  tender  leaves.  The 
young  galls  are  more  distinctly  seen  on  the  upper  side  of  the  leaves 
but  later  on  the  spots 
gradually  turn  brown 
owing  to  the  death  of  the 
tissues  composing  the 
blisters  or  galls,  after 
which  the  galls  are  mor» 
conspicuous  on  the  un- 
der side  of  the  leaves. 
The  blisters  may  be  small 
and  distinctly  separated 
from  each  other  or  fused 
together  forming  quite  ex- 
tensive patches.  In  each 
blister,  on  the  under  side 
of  the  leaf,  may  be  seen 
one  or  more  minute  holes 
leading  iiito  tlie  cavity 
of  thf  u.'ifjr  aii.l  usually 
visible  o?!y  iiniicr  ii  lense 
ov  nii;r<nitopo.  In  the 
cn-ilj  ui'.aln  tlu!  Bub- 
T^ttt'ji.  !■,;!■,..  !,f     lUc     loiif     the 
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very  minute  and  delicate  mites  live,  feeding  on  the  Juices  of  the  plant.  A 
single  gall  often  accomodates  a  great  many  individuals.  Within  the 
shelter  of  these  galls  the  mites  are  yery  effectively  protected  from  wind 
and  rain  which  might  easily  sweep  them  away  were  they  exposed  on  the 
surface.  The  tender  tissues  on  the  inside  of  the  galls  also  furnish  better 
facilities  for  the  mites  to  acquire  nourishment  than  would  the  thicker 
layers  of  cells  on  the  surface.  The  freshly  formed  galls  are  thick  and  suc- 
culent but  as  they  die  and  turn  brown  they  shrivel  and  dry. 

THE  MITE. 

The  effects  of  the  presence  of  the  mites  are  much  more  apparent  than 
the  mites  themselves  which  are  so  small  as  to  be  hardly  visible  to  the 
unaided  eye.  A  high  power  microscope  is  necessary  in  order  to  study 
their  structure.  The  body  is  elongated  and  is  made  up  of  a  large  number 
of  rings.  There  are  four  legs  all  of  which  are  placed  at  the  anterior  end 
of  the  body  and  though  small  they  enable  the  mite  to  move  very  rapidly. 
The  head  is  made  up  chiefly  of  a  conical  snout  within  which  are  two  lance 
like  jaws.  About  one  hundred  and  flfty  mites  placed  end  to  end  would  be 
^quired  to  cover  a  linear  inch  and  they  are  about  four  times  as  long  as 
wide 

LIFE  HISTORY. 

The  eggs  are  laid  within  the  galls  which  the  mites  form.  The  young  mite 
hatching  from  egg  leaves  the  gall  through  the  hole  made  by  the  parent  in 
entering  and  after  finding  an  uninjured  spot  on  the  leaf  bores  into  the 
tissues  and  starts  a  new  gall.  The  mites  remain  in  the  galls  until  the  end 
of  the  season,  when  they  migrate  to  the  buds  at  the  ends  of  the  twigs  and 
seek  shelter  for  the  winter  beneath  the  scales  of  the  bud.  Some  of  the 
mits  rmaln  on  the  leaves  too  long  and  are  borne  to  the  ground  when  the 
leaves  fall. 

POWER  OF  INJURY. 

The  blister-mite  by  its  injury  to  the  leaves  causes  them  to  die  and 
drop  off  long  before  the  natural  time. 

The  mite  Is  dependent  on  outside  agencies — traffic  in  nursery  stock  for 
example — for  means  of  distant  dissemination  as  it  cannot  fly  and  can  crawl 
only  a  short  distance.  It  is  often  quite  severe  on  individual  trees  but  it 
spreads  to  neighboring  trees  but  slowly. 

REMEDIES. 

Protected  as  the  mites  are  within  the  galls  no  spraying  mixtures  will 
reach  them.  The  only  vulnerable  point  in  their  life  cycle  is  when  they 
are  in  the  leaf  buds  after  the  leaves  have  fallen.  Prof.  M.  V.  Slingerland 
has  found  that  the  mite  ''can  be  nearlly  exterminated   in  a  badly  infested 
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•orchard  by  a  single  thorough  spraying  of  the  trees  in  winter  with  kerosene 
•emulsion  diluted  with  from  five  to  seven  parts  of  water/' 

On  young  trees  in  the  beginning  of  the  attack,  no  better  remedy  can  be 
iound  than  to  pick  off  and  destroy  all  the  affected  leaves  as  fast  as  they 
appear. 

The  Oregon  Board  of  Horticulture  recommends  and  has  found  efficient 
an  application  of  lime,  sulphur  and  salt  solution.  Various  others  have 
also  found  this  last  remedy  effective.  i 


Insecticides, 


For  the  purposes  of  this  paper  we  may  divide  insecticides  into  two 
general  classes:  Those  that  kill  by  being  eaten  by  the  insect  ^itti  its  food 
and  those  that  kill  by  simply  coming  in  contact  with  the  bdd^r  of  the  insect. 
Those  of  the  ^st  group  are  known  as  stomach  poisons  and  -  are  used 
chiefly  against  insects  that  eat  the  foliage  or  other  surface  parts'  of  plants, 
as  the  Colorado  potato  beetle,  tent  caterpillars,  atid  larvae  of  the  codling 
moth.  Insecticides  of  the  second  class  are, employed  against  insects  that 
extract  the  juices  of  plants  by  means  of  a  sucking  beak  which  is  inserted 
into  the  tissues.  A  poison  placed  on  the  surface  of  the  plant  does  not 
Injure  tbe  insect  since  the  food  is  taken  from  the  unaffected  sap  beneath. 
ESzamples  are  the  different  species  of  plant-lice  and  scale  insects.  Of 
course  there  are  many  insects  which  cannot  be  reached  with  either  of  the 
above  classes  of  insecticides;  chief  among  these  are  internal  feeders  or 
borers,  subterranean  insects  and  household  pests. 

By  far  the  most  important  stomach  poisons  are  those  which  contain 
arsenic  as  the  killing  agent.  An  arsenical  insecticide  to  be  of  greatest 
service  must  not  be  readily  soluble  in  water,  for  its  injury  to  the  foliage 
other  things  being  equal,  is  directly  proportionate  to  its  solubility.  It 
should  remain  suspended  in  water  in  order  that  it  may  be  evenly  distributed 
on  the  foliage.  It  should  contain  a  large  percentage  of  arsenic  so  as  to  kill 
the  insects  quickly.  It  is  desirable  to  have  it  remain  on  the  foliage  through 
rain  storms  and  so  prevent  the  necessity  of  frequent  spraying.  All  of 
these  things  as  well  as  the  cost  should  be  considered  in  selecting  an  insecti- 
cide. Ordinary  white  arsenic  of  commerce  would  be  a  very  valuable  in- 
secticide were  it  not  for  the  fact  that  it  is  so  soluble  in  water,  and  hence 
very  injurious  to  the  foliage.  For  this  reason  it  is  compounded  with  other 
substances  thereby  making  it  insoluble. 
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PARIS   GREEN. 

Paris  green  is  the  oldest  and  best  known  arsenical  insecticide.  Its 
fliHt  general  use  was  in  the  western  states  against  the  Colorado  potato 
beetle  somewhere  between  the  years  1860  and  1870.  It  soon  became  the 
popular  remedy  for  many  other  insects  and  is  now  very  widely  known  and 
used.  It  contains  a  high  percentage  of  arsenic  and  is  only  slightly  soluble 
in  water.  Being  made  up  of  granules  it  settles  in  water  very  quickly,  and 
should  be  constantly  agitated  in  order  that  it  may  be  evenly  distributed 
over  the  foliage. 

A  great  deal  has  been  said  in  recent  years  about  adulteration  of  this 
Insecticide  and  beyond  doubt  much  injustice  has  "been  done  to  agriculturists 
through  the  sale  of  inferior  and  adulterated  goods.  The  harm  done  in 
selling  adulterated  Paris  green  is  not  so  much  in  the  fact  that  more  arsenic  is 
paid  for  than  is  obtained,  as  that  the  agriculturist  goes  to  the  labor  and 
expense  of  applying  what  he  supposes  to  be  a  fatal  dose  of  arsenic  when, 
because  of  inferior  quality  in  the  poison  the  application  may  be  wholly  or 
partly  without  effect.  Several  states  have  passed  laws  requiring  that  Paris 
green  offered  for  sale  contain  at  least  50  per  cent  of  arsenic.  The  chemist 
of  this  Station,  Dr.  F.  W.  Traphagen,  is  examining  insecticides  on  scde  in 
this  state  and  has  so  far  discovered  no  case  of  adulteration.  The  complete 
results  of  his  investigation  will  be  published  in  bulletin  form  later  on. 

In  spraying  with  this  substance  a  hot  day  should  be  avoided  if  possible, 
especially  if  it  is  desired  to  apply  nearly  all  the  foliage  will  stand  without 
injury.  The  water  soon  becomes  warm  on  the  foliage  and  when  warmed 
dissolves  the  Paris  green  more  readily. 

LONDON   PURPLE. 

London  purple  came  into  the  market  soon  after  Paris  green  and  has 
been  a  poor  rival  ever  since.  It  possesses  the  advantage  of  being  consider^ 
ably  cheaper  than  Paris  green  but  is  variable  in  quantity  of  arsenic  and 
never  contains  as  much  as  does  Paris  green.  More  of  the  arsenic  is  in 
a  soluble  form  so  that  it  is  much  more  liabel  to  injure 'foliage.  The  addi- 
tion of  an  equal  quantity  of  freshly  slacked  lime  is  often  recommended  to 
prevent  this  injury.  This  insecticide  has  been  used  largely  in  the  des- 
truction of  the  Colorado  potato  beetle  since  the  foliage  of  potatoes  is  not 
easily  injured. 

ARSENATE  OF  LEAD. 

The  committee  of  the  Massachusetts  Board  of  Agriculture  in  charge  of 
the  work  of  exterminating  the  Gypsy  Moth,  in  the  course  of  its  work  soon 
found  that  Paris  green  was  not  sufficiently  deadly  against  the  larvae,  and 
set  about  discovering  a  more  effective  poison.  It  has  been  rewarded 
in  the  discovery  of  the  insecticidal  properties  of  arsenate  of  lead.  This 
substance  may  be  applied  in  any  strength  without  injury  to  the  foliage  and 
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when  properly  applied  remains  on  the  folia«;e  through  rain  storms.     Its 
white  color  makefsi  it  easily  detected  on  the  foliage. 

The  substance  is  made  by  the  union  of  acetate  of  lead  and  arsenate  of 
soda;  both  being  in  solution.  Up  to  last  season  the  agriculturist  was  obliged 
to  make  the  substance  himself  which  seriously  interfered  with  its  general 
use.  Wm.  H.  Swift,  Chemist,  of  Boston,  placed  the  insecticide  on  the  market 
in  paste  form  in  1899  and  his  preparation  was  quite  generally  used  in  the 
eastern  states.  It  Is  now  offered  for  sale  also  by  the  Bowker  Chemical 
Company,  Boston,  Mass.  The  substance  deserves  a  thorough  and  general 
trial  by  the  people  of  Montana.  It  can  be  obtained  a  little  cheaper  than 
Paris  green. 

ARSENITE  OF  LIME. 

The  desire  for  a  reliable  and  a  cheaper  arsenical  insecticide  has  led 
to  the  employment  of  a  product  resulting  from  the  union  of  freshly  slaked 
lime  and  commercial  white  arsenic.    The  proportions  are: 

Commercial  white  arsenic....'! 1  pound 

Unslaked  lime 2  pounds. 

Water 2  gallons. 

Boll  together  for  twenty  minutes  to  half  an  hour.  As  soon  as  the 
arsenic  is  dissolved  it  is  precipitated  by  the  lime  as  insoluble  arsenite  of 
lime.  There  is  danger  however  that  not  all  the  arsenic  will  be  precipitated 
out  as  it  is  difficult  to  tell  when  all  |ias  been  dissolved.  For  this  reason  the 
following  formula  is  considered  much  more  reliable: 

White  arsenic . : 2  pounds 

Sal  soda 4  pounds 

Water 2  gallons. 

Boil  for  about  fifteen  minutes  or  until  all  is  dissolved,  leaving  a  clear 
liquid.  Add  water  enough  to  replace  what  has  boiled  away  to  prevent 
chrystalization  of  the  arsenite  of  soda.  A  large  quantity  may  be  prepared 
at  one  time  and  kept  as  a  stock  solution  to  be  used  when  desired.  It 
should  be  covered  to  prevent  evaporation  and  plainly  labeled  for  it  is  a 
deadly  poison.  One  pint  of  this  stock  is  approximately  equivalent  to  four 
ounces  of  Paris  green.  It  should  be  used  only  in  a  solution  in  which  lime 
is  present  for,  as  is  seen  above,  it.  is  soluble  in  water.  With  lime  it  forms 
arsenite  of  lime  which  is  the  resulting  product  of  the  previous  formula.  It 
may  also  be  used  in  connection  with  Bordeaux  mixture  in  which  case  Bor- 
deaux mixture  is  used  as  a  diluent  in  place  of  water. 

Counting  the  cost  of  the  preparation  of  arsenite  of  lime  it  is  not  prob- 
able it  will  be  found  cheaper  unless  large  quantities  are  to  be  used.  In 
using  this  substance  In  preference  to  Paris  green,  however,  one  avoids  the 
danger  of  purchasing  adulterated  goods. 
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HELLEBORE. 

Hellebore  has  a  narrow  range  of  usefullness  and  is  effective  chiefly 
against  saw-fly  larvae  a?  the  currant  worm  and  pear-tree  slug.  It  kills 
either  by  coming  in  contact  or  by  being  eaten.  It  is  usually  dusted  on  the 
foliage  either  pure  or  mixed  with  twice  its  amount  of  land  plaster  or  cheap 
flour.  The  foliage  should  be  moist  when  it  is  applied  in  a  dry  form,  other- 
wise it  will  not  remain  on  the  leaves. 

In  Montana,  where  the  foliage  is  almost  perpetually  dry,  It  would  be 
better  to  apply  it  as  a  spray  at  the  rate  of  one  ounce  to  2-4  quarts  of  water. 
Steep  in  one  pint  of  boiling  water  and  add  cold  water  gradually. 

CONTACT   INSECTICIDES. 

Contact  insecticides  kill  either  by  caustic  effects  or  by  interfering  with 
breathing.  Different  soaps,  preparations  of  kerosene,  substances  which 
lorm  a  coating  over  the  body  and  thus  prevent  breathing,  belong  to  this 
class. 

KEROSENE  EMULSION. 

Pure  keresone  is  fatal  to  almost  all  insects.  It  is  extremely  penetrating 
and  enters  the  breathing  pores  of  the  insects  and  interfering  with  their 
breathing  causes  their  death.  Pure  kerosene,  however,  is  more  or  less  in- 
jurious to  plant  life  and  for  this  reason  has  to  be  diluted  in  some  way. 
Since  it  will  not  mix  with  water  it  is  necessary  to  form  an  emulsion  and 
soap  is  usually  used  for  this  purpose. 
A  good  formula  is: 

Ordinary  bar^soap %  pound 

Soft    water 1    gallon 

Kerosene 2  gallons. 

The  water  Is  placed  over  a  stove  to  heat  and  the  sodp  shaved  into  It. 
When  the  soap  is  dissolved  and  the  water  has  reached  the  boiling  point  the 
solution  is  poured  Into  the  kerosene  and  vigorously  churned  for  four  or  five 
minutes  with  a  force  pump  the  nozzle  of  which  is  directed  back  into  the 
vessel.  The  mixture  takes  on  a  milky  appearance  and  on  cooling  becomes 
jelly  like.  This  is  the  stock  emulsion  and  if  properly  prepared  will  keep 
for  a  considerable  length  of  time,  but  should  be  diluted  when  used.  Failure 
of  the  soap  to  dissolve  readily  often  hinders  in  the  preparation  of  the  insecti- 
cide. Ordinary  soap  powders  will  dissolve  almost  Immediately  and  Mr.  A. 
H.  Kirkland  found  that  they  could  be  used  as  a  substitute  for  the  soap 
provided  the  emulsion  is  to  be  used  at  once.  This  insecticide  should  be 
very  popular  in  Montana  but  it  is  surprising  to  see  how  many  fruit  growers 
prefer  whale-oil  soap  solution.  In  some  parts  of  the  state  fruit  growers  are 
going  back  to  kerosene  emulsion  believing  it  to  be  more  reliable  and  less 
likey  to  injure  the  foliage  if  thoroughly  prepared. 
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WHALE-OIL   SOAP. 

'  Whale-oil  soap,  more  correctly  known  as  dsh-oil  soap,  is  of  great  value 
as  an  insecticide  against  certain  classes  of  insects  particularly  scale  insects. 
Some  species  of  plant  lice  which  fail  to  succumb  to  an  application  of  very 
strong  kerosene  emulsion  are  readily  killed  with  a  solution  of  whale-oil 
soap.  An  example  is  the  louse  so  commonly  attacking  spruce  trees  in 
Montana  causing  cone-like  galls  on  the  twigs. 

Ordinary  foliage  will  not  safely  stand  a  stronger  solution  than  one  pound 
in  4  gallons  of  water.  Most  plant  lice  are  readily  killed  by  1  pound  in  6 
gallons  of  water.  If  a  good  whale-oil  soap  cannot  be  obtanied  a  substitute 
may  be  made  by  the  following  formula: 

Concentrated  lye 3^6  pounds. 

Water 8  gallons. 

Fish-oil 1  gallon. 

Dissolve  the  lye  in  boiling  water  and  add  the  oil  to  the  solution  still 
boiling.  Continue  to  boil  for  two  and  a  half  hours  and  then  allow  it  to  cool 
The  fish-oil  can  be  obtained  in  eastern  markets  and  beyond  doubt  it  would  be 
cheaper  for  the  fruit  grower  to  make  his  own  soap  provided  he  intends  to  use 
a  considerable  quantity. 

RESIN  WASH. 

This  insecticide  is  a  favorite  in  the  Pacific  states  particularly  California 
where  it  is  used  chiefly  against  scale  isects   infesting   citrus   trees.     Others- 
have  found  it  very  useful  as  a  remedy  for  various  plant  lice. 
The  wash  may  be  made  as  f olows : 

Resin 20    pounds.* 

Crude  caustic  soda  (78  per  cent) 5  pounds. 

Fish-oil , .21^  pints. 

Water  to  make 100  gallons. 

Place  the  resin,  soda  and  oil  in  a  kettle  with  sufficient  water  to  cover 
them  three  or  four  inches  deep;  boil  about  two  hours  making  occasional  ad- 
ditions of  water.  The  compound  will  take  on  the  appearance  of  strong 
blacK  coffee.  Add  sufficient  hot  water  to  make  one  third  the  final  bulk  or 
the  same  amount  of  cold  water  added  gradually  over  the  stove.  This  is 
the  stock  mixture  and  must  be  diluted  to  100  gallons  when  desired  for  use. 

BORDEAUX     MIXTURE. 

While  this  substance  is  more  a  fungicide  than  an  insecticide  it  is  given  a 
place  here  because  of  its  great  usefulness  and  because  it  is  often  used  in 
place  of  water  in  the  application  of  arsenical  insecticides.  Where  it  is 
desired  to  spray  an  orchard  with  Bordeaux  mixture  and  an  arsenical  insecti- 
cide it  is  of  course  clear  gain  if  both  can  be  applied  in  one  spraying.  This 
fungicide  may  be  prepared  as  follows: 
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Sulphate  of  copper 6  pounds. 

Quick   lime -.    4   pounds. 

Water 22  pounds. 

In  one  vessel  dissolve  the  copper  sulphate  in  1  gallon  of  hot  water  and 
in  another  vessel  slake  the  lime  with  1  gallon  of  water.  Slowly  add  the 
lime  to  the  copper  solution  stirring  constantly;  then  strain  through  a  sieve 
of  gunny  sack. 

This  Is  the  standard  full  strength  Bordeaux  mixture  and  may  be  diluted 
according  to  the  purpose  to  which  it  is  put. 


« 


PATENT  INSECTICIDES 

While  there  may  be  some  patent  insecticides  which  deserve  commenda- 
tion and  use  the  vast  majority  of  them  are  to  be  passed  by.  Such  insecti- 
cides are  usually  gotten  up  simply  to  sell.  They  are  often  said  by  their  ad- 
vocates to  be  harmless  to  man,  but  when  this  is  true  they  are  usually  harm- 
less to  insects  also.  Most  of  them  if  not  absolute  frauds  are  preparations  in 
which  our  old  and  well  known  insecticides  are  the  active  agents.  In  other 
cases  while  they  would  destroy  insects  they  are  also  very  injurious  to 
plants.  It  is  much  better  to  use  the  old  standard  insecticides  and  avoid 
supporting  an  unnecessary  business. 


PROPER  TIME  TO   SPRAY. 


For  any  given  insect  the  proper  time  to  spray  may  vary  in  different 
years.  We  cannot  set  a  date  on  which  to  spray  for  codling  moth  or  other 
insects  each  year.  It  is  well  known  to  all  that  vegetation  is  much  more 
forward  one  season  than  in  another  and  it  should  be  realized  that  insect 
life  depends  upon  the  same  conditions  to  awaken  it  to  activity  as  does  plant 
life.  It  cannot  be  too  strongly  urged  upon  the  fruit  grower  to  observe  the 
habits  of  insects  whieh  trouble  him  and  so  enable  himself  to  guard  against 
their  ravages. 


INJURY  TO  FOLIAGE  BY  INSECTICIDES. 

It  is  well  known  to  agriculturists  that  many  insecticides  if  used  in  too 
great  strength  will  injure  the  foliage.  When  injured  in  this  way  the  leaves 
lose  their  natural  color  and  drop  to  the  ground.  If  not  too  late  in  the  season 
a  second  growth  is  put  out  which  weakens .  the  tree  and  often  prevents 
fruiting  the  next  year.  This  change  of  color  and  dropping  of  leaves  may 
not  be  apparent  for  several  days  after  the  application  of  the  insecticide, 
particularly  if  no  wet  weather  occurs. 

Stone  fruits  as  a  class  are  much  more  liable  to  injury  than  pomaceous 
fruits. 
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WHKN  IS  A  TREE  THOROUGHLY  SPRAYED? 

Success  in  spraying  depends  very  largely  upon  the  thoroughness  with 
which  it  is  done.  One  cannot  expect  good  results  from  haphazard  attempts 
at  spraying.  It  is  not  necessary  that  a  large  amount  of  the  insecticide  be 
applied;  the  aim  should  always  be  to  use  Just  as  little  as  possible  and  yet 
cover  all  parts  of  the  tree.  It  is  not  the  correct  way  to  attempt  to  throw 
a  heavy  stream  from  the  ground  and  hit  all  parts.  A  nozzle  producing  a 
fine  mist-like  spray  should  be  elevated  and  applied  to  one  part  of  the  tree 
until  the  foliage  Just  begins  to  drip.  It  should  be  remembered  that  when 
contact  insecticides  are  used  a  portion  of  the  spray  must  touch  the  body  of 
each  insect.  It  uoes  no  harm  to  an  insect  to  walk  over  a  leaf  which  has 
been  previously  sprayed  with  a  contact  insecticide. 

PROMPT  MEASURES  NECESSARY. 

Montana  fruit  growers  cannot  too  highly  value  their  comparative  free- 
dom from  insect  pests.  They  also  have  a  great  advantage  in  the  fact  that 
the  accumulated  experince  of  other  fruit  growing  states  is  theirs.  When 
ever  it  is  known  that  an  insect  pest  has  made  its  appearance  in  an  orchard 
or  vicinity  prompt  and  vigorous  means  should  be  adopted  against  it.  bur 
advantage  is  forever  lost  if  we  wait  till  we  are  overrun  before  we  begin 
action. 
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Insecticide  Apparatus. 

It  la  purposed  bere  to  give  as  urleHy  as  poealble  tbe  prIncipleB  under- 
lying tbe  use  ot  Ineecticlde  macblnery  and  describe  the  leading  types,  tbe- 
alm  being  to  aid  the  agriculturist  In  selecting  an  outfit. 


We  would  state  at  the  outset  that  a  fruit  grower  desiring  an  outfit 
should  write  to  the  various  pump  manufacturerH  and  ohtaln  their  catalogues. 
These  will  greatly  aid  in  making  a  selection.  It  Is  not  Intended  here  to  re- 
commend one  make  ot  pump  or  other  apparatus  over  another.  All  h.ave- 
thelr  good  points.    It  is  desired  rather  to  give  the  purchaser  such  ioforma- 
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Ooti  a.e  will  help  him  to  select  for  himself.  The  following  Is  a  list  of  some 
of  the  best  known  dealeiS:— 

The  Field  Force  Pump  Co..  Lockport,  N.  V. 

The  .•Ixon  Nozzle  and  Maehlue  Co..  Dayton.  Ohio. 

William  Stabl,  Qiilncy,  III. 

The  Gould's  Manufacturing  Co.,  Seneca  Falls,  N.  Y. 

W.  &  B.  Douglas,  Middletown,  Conn. 

Rumsey  &  Co..  Seneca  Fala.  N.  Y. 

Demlng  Co..  Salem,  Ohio. 

J.  J,  McOowan,  Ithaca,  N.  Y. 

F.  E.  Myers  &  Bro.,  Ashland.  Ohio. 

Wm.  Boekel  &  Co.,  518  Vine  Street.  Philadelphia.  Pa. 

-ae  Bean  Spray  Pump  Co.,  Los  GatoB.  Cal. 

The  Bean-Cham  be  rl  at  n  Manufacturing  Co..  udson,  Mich, 

Morrll]  &.  Morley.  Benton  Harbor,  Mich. 

For  use  on  a  tew  trees  about  the  home  a  good  spraying  outBt  Is  a  hand 
pump  In  a  bucket  with  aufSclent  hose  to  lead  to  the  noEzIe  when  elevated 


into  the  tree.  The  hose  may  be  detachable  and  the  pump  made  use  of  for 
other  purposes  also.  The  pump  illustrated  in  figure  1,  manufactured  by 
Rumsey  and  Company,  and  the  one  In  Fig.  2,  made  by  W.  &  B,  Eiouglas  are 
examples  of  this  kind.    The  Demlng  Company  has  furnished  the  Station 
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witb  a  Btmlliar  pump,  tinown  aa  the  "Success"  which  hfta  given  entire  aatlB- 
f action. 

A  knapaack  sprayer  Is  almost  Indlspeneable  to  a  srower  of  small  trults 
such  as  raspberries  and  atrawberries.  Fig.  6,  lUustratas  a  knapsack  sprayer 
for  sale  by  W.  &  B.  Douglas.  The  one  shown  In  Fig.  7,  made  bj  the  Demlng 
Co.,  ifl  so  constructed  that  It  can  be  used  either  as  a  knapsack  or  as  a 
bucket  sprayer. 

When  spraying  Is  done  on  an  extensive  scale  a  different  outfit  Is  re- 
quired. A  pump  should  be  procured  which  will  supply  at  least  two  lines  of 
hose.  A  great  variety  of  such  pumps  Is  offered  for  sale.  The  working  parts 
should  be  as  simple  as  possible,  and  It  Is  desirable  that  It  be  easily  taken 
apart  for  repairing. 

The  working  parts  should  be  of  a  non-corrosive  metal.  The  accompany- 
ing Illustration.  Fig.  3,  shows  a  pump  of  this  type  manufactured  by  the 
Oould's  Co.   Another  style  of  pump  in  favor  iq  the  Pacific  states  Is  tliat  Ulna- 


trated  in  Figs.  4  and  6,  the  former  manufactured  bj  the  Bean  Spray  Pnmp  Co. 
and  the  latter  by  F.  E.  Myers  &  Bro.  These  pumps  are  attached  to  tlia 
platform  beside  the  tank  and  are  fed  by  a  pipe  leading  to  tlie  sprayinc 
mixture. 

When  applying  most  spraying  mixtures  It  is  necessary  Uiatsome  kind  ot 
an  agitator  be  used.  This  may  be  a  paddle  which  is  worked  with  each  streko 
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of  the  pump  (see  Fig.  3.)  or  a  portion  of  the  stream  leading  away  from  the 
pump  may  be  directed  bock  Into  the  vesel. 

It  is  important  that  there  be  some  device  for  Indicating  the  pressure 


of  the  liquid  In  the  pump  and  hose.    The  man  working  the  pump  can  then 
tell  whether  or  not  he  Is  malntalDing  sutflclent  pressure. 

In  order  that  the  hose  may  be  as  light  as  possible  it  should  be  only 
one-halt  or  three-fourths  ol  an  Inch  in  diameter.  Rubber  Is  more  durable 
than  canvas  hose.    A  good  line  of  hose  couplings,  hose  clamps,  extension 


THE   MONTANA  EXPERIMENT  STATION. 


pole  bolders.  ect..  is  carrleil  by  tbe  DemiDg  Co, 

The  extension  pole  for  elevating  the  nozzle  ehould  be  as  light  bb  possi- 
ble.   In  place  of  a  pale  a  piece  of  sinall  gae  pipe  may  be  used,  tbe  nozzle 


being  attached  at  one  end  and  the  hose  at  the  other.    A  nozzle  should  b 
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lected  wblch  will  produce  the  proper  kind  of  epray  and  when  clogged  can  be 
cleared  without  waste  of  time. 

Fig.  9,  lIluBtratee  a  very  useful  nozzle  known  as  the  "Bordeaux"  and 
manufactured  by  the  Earning  Co.  The  spray  te  produced  by  a  solid  strenm 
being  thrown  against  a  metallic  lip.  The  nozzle  shown  In  Fig  S,  made  by 
the  Field  Force  Pump  Co.,  the  one  gWen  In  Pig.  10.  made  by  F.  B.  Myers  and 
Bro.,  and  the  one  shown  In  Fig.  11,  are  all  made  on  the  principle  of  the 
*'Vermorel"  and  are  furnished  with  a  degorger  to  clear  out  the  opening  when 
it  gets  clogged.    Fig.  12,  shows  a  double  nozzle  for  sale  by  Morrill  and  Mor- 


107.  Triple  and  quadruple  nozzles  may  also  be  obtained.  These  multiple 
nozzles  while  not  altering  the  character  of  spray  increase  Its  volume,  and 
so  make  more  rapid  spraying  possible. 

Pig.  13,  illustrates  a  nozzle  made  by  the  Bean  Spray  Pump  Co.,  which 
can  be  cleared  by  simply  pushing  the  end  against  the  tree. 

In  orchard  spraying  It  Is  often  a  great  advantage  to  have  a  platform 
elevated  about  five  feet  above  the  wagon  body.  A  man  standing  on  this 
platform  can  reach  with  a  pole  Into  the  upper  branches  of  the  tree  and  can 
aprsy  the  lower  limbs  also.  R.  A.  COOLBY. 


.1 


5^ 


BULLETIN  NO,  214. 

I         y   '  •       f        I    ■      *     ' 

Montana 


Agricultural 

Experiment  Station 


OF 


THE  MONTANA  COLLEQE  OF  AQRICULTURE, 


Sixth  Annual  Report 


OF  THE 


Treasurer,    Director,   Horticulturist, 
Chemist,  Asst.  Agriculturist,  En- 
tomologist and  Botanist. 


BOZEMAN.  MONTANA,  JULY.  1899. 


ROCKY  MOUNTAIN  HUSBANDMAN 

While  Sulphur  Springs, 

MONTANA. 


riontana  Agricultural 

EXPERinENT  STATION. 

LETTER  OF  TRANSMITTAL. 

To  His  Excellency^  Robert  B.  Smith,  Governor  of  Montana: 

Bozeman,  Montana,  February  i,  1900. 
Dear  Sir — I  have  the  honor  to  transmit  to  you  herewith  the  Sixth 
Annual  Report  of  the  Montana  Agricultural  Experiment  Station. 

Respectfully, 

S.  M.  Emery,  Director. 

EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman. 

Peter  Koch,  Secretary  and  Treasurer Bozeman. 

George  Kinkel,  Jr.,  Vice-President Manhattan 

Walter  S.  H artm an Bozeman 

Jno.  M.  Robinson Bozeman 

EXPERIMENT  STATION  STAFF, 

S.  M.  Emery, , . . . , Director  and  Horticulturist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S (Chemist. 

/   Robt.  S.   Shaw,   M.  S.,  B.   S Assistant  Agriculturist. 

J.  W.  Blankinship,  Ph.  D Botanist. 

E.  V.  Wilcox,  Ph.  D Biologist 

Samuel  Fortier,  Ma.   E Irrigation  Engmeer. 

R.  A.  Cooley,   M.  S .Entomologist. 

Post  Office,  Express  and  Freight  Station,  Bozeman. 

All  communications  for  the  Experiment  Station  should  be  ad- 
dressed to  the  Director. 

Montana  Experiment  Station, 

Bozeman,  Mont. 

NOTICE — The  bulletins  of  the  Station  will  be  mailed  free  to  any 
citizen  of  Montana  (so  long  as  the  sui)ply  lasts)  who  sends  his  name 
and  P.  O.  address  to  the  Station  for  that  purpose. 


Report  of  Treasurer  of  Board. 


» 


The  Experiment  Station  of  ttie  Agricultural  College  of  Ika  Stalt  of  Montana  in 
Account  with  t/ie  United  States  Appropriation.  180800 : 

To  receipts  from  the  Treasurer  of  the  United  States  as  per  appropria- 
tion for  Hscal  year  ending  June  80,  1899,   as   per  Act  of  Ooni^resa, 

approved  March  3,  1887 $15,000  00 

To  receipts  from  sale  of  farm  product . , 1,*^42  61 

To  receipts  from  State  appropriation 787  50 

Total  receipts $17,080  11 

Cr, 

^y  Salaries $  8.293  84 

Labor 3,809  25 

Publications 405  43 

Postage  and  Stationery 131  89 

Freight  and  Express 247  34 

Heat.  Light  and  Water 535  nO 

Chemical  Supplies 239  C8 

Seeds.  Plants  and  Sundry  Supplies 373  69 

Fertilizers , 15  00 

Feeding  Stnffs 21  85 

Libi-ary 108  19 

Tools,  Implements  and  Machinery 151  70 

Furniture  and  Fixtures 35  83 

Scientitic  Apparatus 292  ^6 

Live  Stock 224  50 

Traveling  Expenses  540  75 

Contingent  Expenses 50  50 

Building  and  Repairs 1,423  79 

By  balance $  668  82 

$17,030  11 


To  unexpended  balance $     568  82 

We,  the  undersigned,  duly  appointed  Auditors  of  the  cerporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts  of  the 
Montana  Experiment  Station  for  the  fiscal  year  ending  June  30,  1899  ; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  Treasurer  of  the  United  States 
are  shown  to  have  been  $15,000,000,  and  the  receipts  from  sale  of  farm 
produce  $1,242.61,  and  the  receipts  from  State  appropriation  $787.50, 
and  the  corresponding  disbursements  $16,461.29,  for  all  of  which  proper 
vouchers  are  on  file  and  have  been  by  us  examined  and  found  correct, 
thus  leaving  a  balance  of  $568  82. 

And  we  further  certify  that  the  expenditures  have  been  solely  for 
the  purposes  set  forth  in  the  Act  of  Congress  approved  March  2,  1887. 

Attest  :  Signed : 

Peter  Koch,  L.  S.  Wilson,  ) 

Custodian.  W.  L.  Hartman,  >- Auditors. 

Peter  Koch.  j 
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Bulletin  No.  24.  -^ — s^ July,  1899. 


Annual  Report  of  the  Director  for  the  Fiscal 

Year  Ending  June  30,  1899. 


STATION  STAFF. 


E.  V.  Wilcox  resigned  April  ist,  1899,  having  been  elected  Assist- 
ant Entomologist  to  the  Department  of  Agriculture,  Washington,  D.  C. 

J.  W.  Blankinship,  Ph.  D.,  of  Harvard,  Mass.,  was  elected  Bot- 
anist July  ist,  1898. 

Samuel  Fortier,  Ma.  E.,  of  Ogden,  Utah,  was  elected  as  Irriga- 
tion Engineer  May  15,  1899. 

Robert  A.  Cooley,  B.  S.,  of  Amherst,  Mass.,  was  elected  as  Ento- 
mologist June  15,   1899. 

EXPERIMENT  STATION  IMPROVEMENTS. 

A  greenhouse  20x40  feet  was  constructed  immediately  west  and 
adjoining  the  greenhouse  erected  in  1897;  the  west  brick  wall  of  green- 
house No.  I  forms  the  east  wall  to  greenhouse  No.  2,  and  the  north, 
south  and  west  walls  of  greenhouse  No.  2  are  made  of  wood  as  follows: 
Round  red  cedar  posts  were  set  two  feet  apart  on  the  line  of  the  outer 
walls  and  two  feet  in  the  ground  on  the  respective  lines  of  the  house 
first  having  been  flattened  on  either  side,  to  these  were  nailed  rough 
common  lumber  on  outside  line.  On  this  was  tacked  tarred  paper  and 
a  second  course  of  rough  common  lumber.  On  this  sheeting  a  second 
course  of  tarred  paper  and  upon  this   thickness   of  rough   lumber  and 
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tarred  paper,  cedar  shingles  were  laid  five  inches  to  the  weather.  Where 
the  soil  would  encounter  the  walls  of  the  building  rough  boards  were 
nailed  on  the  outside  and  banked  with  earth.  The  sash  bars,  ventilat- 
ing apparatus,  glass  and  doors  are  substantially  the  same  as  in  green- 
house No.  I.  It  is  heated  by  steam  carried  by  a  i^  inch  black  pipe; 
twelve  runs  under  the  benches  supply  all  the  heat  required.  Cost  of 
building  $314.14. 

The  variation  in  walls  of  th^  two  buildings  was  made  from  brick 
to  wood  to  test  the  relative  value  of  the  materials  in  such  position. 
Greenhouses  are  peculiar  in  that  they  should  be  saturated  with  damp 
air.  This  permeates  the  walls,  and  it  has  been  found  that  the  action 
of  frost  on  brick  walls,  subject  to  such  damp  hot  air  internally,  is  much 
greater  than  a  brick  wall  exposed  to  a  drier  atmosphere.  No  doubt 
fungi  and  bacteria  work  more  vigorously,  too,  under  such  conditions 
on  wooden  walls,  but  spite  of  this  fact  the  life  of  wooden  walls  thus 
constructed  is  supposed  to  be  greater  than  that  of  brick.  Although  the 
brick  walls  carry  hollow  air  spaces  the  temperature  in  the  two  build- 
ings was  substantially  the  same,  though  the  extremes  of  temperature 
were  greater  than  for  six  years. 

FARM  IMPROVEMENTS. 

1 

A  machine  shed  24x40  was  built,  costing  {125. 

A  hay  barn  24x40  X20  feet  high  was  built  of  peeled  pine  log 
The  roof  was  built  of  2x4  rafters,  rough  board  sheeting  and  Washin 
ton  cedar  shingles.  The  frame  is  made  of  round  pine  and  fir  timbers 
from  the  adjacent  mountains,  and  was  planned  so  that  the  lower  nine 
feet  of  the  grpund  story  can  be  changed  into  a  cow  stable  at  nominal 
expense.  Contract  price  of  this  {126,  outside  of  supplying  round  tim- 
bers. This  and  other  storage  capacity  supplies  a  place  for  125  tons  of 
hay,  an  amount  that  should  be  produced  annually  from  the  farm  under 
the  present  system  of  sowing  clover  in  all  barley  fields,  with  or  subse- 
quent to  seeding  to  barley. 

Each  successive  season  emphasizes  the  fact  that  Montana  is  essen- 
tially a  clover  state.  All  of  th^se  legumes,  ranging  from  the  white 
clover,  (the  ideal  plant  for  lawns  and  bee  pastures  and  the  dwarf  member 
of  the  group),  up  to  the  field  pea  which  for  length  of  straw,  (frequently  \ 
reaching  twelve  feet)  and  size  of  fruit,  may  very  properly  be  classed  as 
the  giant  of  the  family;  succeed  admirably  and  tell  us  that  so  far  as  an 
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ideal  crop  for  animal  flesh  production  and  as  a  renovator  of  exhausted 
nitrogen  from  soil  by  grain  production,  that  Montana  need  ask  no  odds 
of  any  of  the  great  corn  states  of  the  Union. 

Given  bright  well  cured  clover  hay  and  Canada  field  peas  in  rank 
abundance  and  upon  every  count  of  pork,  beef,  mutton,  poultry  and 
dairy  products,  we  can  not  be  excelled  for  the  crude  material  from 
which  to  manufacture  the  very  choicest  of  these  products. 

Our. advice  was  requested  this  season  by  one  of  the  best  and  oldest 
farmers,  owning  480  acres  of  the  cream  of  Gallatin  County  lands,  upon 
the  subject  of  clover. 

Said  he,  **I  have  been  summer-fallowing  mv  farm  for  twenty-five 
years  and  it  is  beginning  to  cease  to  respond  to  the  fallow  system.  I 
can't  supply  barn  yard  manure  to  so  large  an  area  and  I  am  confident 
that  I  must  begin  the  cultivation  of  clover.  How  and  where  should  I 
begin  ?"  Our  reply  was  that  it  was  a  matter  of  taste,  whether  80  or 
160  acres  should  be  devoted  each  year  to  clover.  It  should  be  begun 
and  followed  up  consecutively  until  the  entire  farm  had  been  clovered. 
Many  complain  that  red  clover  and  alfalfa,  the  two  favorite  legumes, 
kill  out  after  three  or  four  years,  and  the  meadows  thus  sown  carry  a 
poor  stand  and  become  weedy.  Many  contend  that  red  clover  is  an 
annual,  and  unless  permitted  to  rcseed  will  naturally  be  short  lived. 
No  where  do  the  legumes  seed  as  in  Montana,  and  if  the  first  crop  be 
permitted  to  seed  each  third  year,  there  need  be  no  difficulty  in  always 
having  a  strong  lush  grcwth  of  clover,  but  we  doubt  if  for  many  years 
we  can  afford  to  let  clover  lands  stand  as  seeded  fields,  if  situated  fav- 
orably to  grain  market  or  where  grain  can  be  fed.  It  is  doubted  if  in 
any  other  region  outside  of  the  Montana  environment,  where  irriga- 
tion  is   feasible   it  is  possible  to  harvest  red  clover  inside  of  100  days 

from  seeding  and  to  secure  a  weighed  ton  of  well  cured  hay-  We  have 
never  failed  to  do  this  when  seeded  alone  and  the  lands  thus  occupied 
to  clover  have  produced  a  ton  of  cured  clover  per  acre,  worth  $6  per 
ton,  the  finest  food  for  live  stock,  and  are  really  in  better  heart  for  a 
good  grain  crop  than  if  clover  stubble  of  four  years  standing  should 
be  grain  sown. 

In  the  latter  case  the  clover  root  development  has  been  so  great 
and  the  nitrogen  deposit  so  excessive  that  the  result  is  abnormally 
heavy  grain^-^Jtop  much  so  to  stand  up  and  ripen  well,  so  that  it  can 
well  be  afforded  to  plow  under  the  meadows  of  one  or  two  years  stand- 
ing, the  results  being  more  satisfactory  in  the  medium  development  of 
the  grain  yields. 
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Aniong  many  other  interested  visitors,  was  the  Representative  of 
the  extensive  Nitrate  Mines  of  Strassfurt,  Germany,  Dr.  Jno.  A.  Mey- 
ers of  New  York.  He  had  frequently  expressed  the  desire  to  have  this 
Station  experiment  with  potash  on  grain  crops.  On  seeing  the  situa- 
tion, viewing  the  crops  and  the  growth  of  straw,  his  comment  was,  **It 
will  be  25  years  before  you  need  to  use  potash  on  these  soils. "  We  are 
long  on  the  expensive  requisites,  potash  and  phosphoric  acid  and 
if  the  grain  farmers  of  Montana  will  only  take  heed  to  weave  in  a  sub- 
stantial proportion  of  legumes  into  their  crop  fabric,  they  need  not 
worry  for  many  years  over  depleted  yields  and  exhausted  soil  fertility. 

BULLETINS. 

The  following  bulletins  have  been  issued  during  the  current  year  : 

Bulletin  No.  21,  13  pages,  **Sheep  Feeding,"  by  Robert  S.  Shaw, 
B.  S.  A.  • 

Bulletin  No.  22,  42  pages,  a  series  of  monographs  upon  **The  Re- 
sistance of  Strawberries  to  Frost;"  * 'Potato  Scab;'*  ''Treatment  of 
Seed  Oats  for  Smut;"  "Losses  Caused  by  the  Grain  Aphis;'*  "Roup  of 
Chickens;**  "The  Internal  Chicken  Mite;*'  "Lupines  as  Plants  Poison- 
ous to  Stock;'*  "Cattle  Poisoning  by  the  Tall  Larkspur;**  "Poisoning 
of  Stock  by  the  Water  Hemlock;  *  'Ergotism  in  Horses;**  "The  Pois- 
oning of  Cattle  by  Smutty  Oat  Hay;*'  "List  of  Plants  of  Known  or 
Suspected  Properties  Which  Occur  Within  the  State;**  "Some  Native| 
Forage  Plants  of  the  State,"  by  E.  V.  Wilcox,  Ph.  D. 

Dr.  Wilcox  severed  his  connection  with  the  Station  April  i,  18991] 
but  this  work  was  performed  by  him    while  a  member   of  the  Statioi 
Staff.     He  resigned  as  Biologist  of  the  Montana  Experiment   Statioi 
to  accept  the  position  of  Assistant  Entomologist  to  the  Department  o\ 
Agriculture,  Washington,  D.  C. 

Bulletin  No.  23,  64  pages,  "The  Insect  Pests  of  Fruit  in  Montana; 
Insecticides  and  Spray  Appratus,**  illustrated,  by  R.  A.  Cooley,  B.  S.j 
Entomologist. 

Bulletin  No.  24,  36  pages.  Sixth  Annual  Report  of  the  Montan| 
Experiment  Station. 

By  authority  of  the  Executive  Board  Bulletins  Nos.  22,  23  and 
were  issued  in  editions  of  6500  copies.  The  demand  for  Bulletins 
constantly  growing,  many  calls  coming  from  other  states  in  the  Unio 
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We  feel  to  supply  all  the  requests  as  long  as  there  are  available  cop- 
ies, and  we  reiterate  the  importance  of  preserving  all  numbers  received 
by  those  on  the  regular  mail  list. 

There  is  not  a  state  in  the  Union  which  can  supply  a  complete  file 
oi  its  publications,  outside  of  its  own  preserved  files,  and  it  is  usually 
the  bulletin  that  is  out  of  print  for  which  the  strongest  demand  exists. 

PRESS  LIST. 

We  thank  the  friends  who  publish  papers  and  send  to  the  Station 
in  exchange  for  its  publications.  No  doubt  they  are  actuated  by  the 
double  purpose  of  doing  good  and  putting  themselves  in  the  way  of 
valuable  information  to  be  found  in  the  Expermcnt  Statioh  Bulletins. 
We  renew  our  offer  on  the  part  of  the  Staff  of  the  Station  to  supply 
gratuitous  contributions  on  subjects  of  scientiilc  agriculture  of  interest 
to  the  press.  The  press  of  the  State  has  been  very  kind  to  the  mem- 
bers of  the  Montana  Experiment  Station  Staff.  Harsh  criticisms  so 
often  noted  in  the  press  of  other  states  toward  Station  workers  has 
been  with  us  entirely  lacking  and  the  heartiest  co-operation  has  always 
been  extended  in  our  efforts  in  behalf  of  Montana  agriculture. 
---  The  following  list  has  come  regularly  to  the  Station  : 


Democrat-Messenger,  Missoula. 

Jiidepeuiteiit,  UtMeiia. 

JtiterMuuDiHiu,  Butts. 

Mihsoulian.  MissouU. 

Nurtliwcsl  AgriculLurt}<t,  Minnea|H)1is. 

Agricultural  Suuleut,  CoIuuHmim,  O. 

burset  C«»uner,  Washinglun.  Pa. 

JJixie  Miller  NayihvillH.  Teuu. 

Kl^iu  Dairy  Reporl,  Elgiu,  111. 

Field  aud  Karni,  Denver,  Col. 

Faruiers'  Voice,  Chioaeo,  lU. 

Farm,  Stock  and  llonu».  Miunpnpolis. 

Farmers' Guide.  liuulinfit(;n,  Ind. 

Farmers'  Call.  Quiucy,  111. 

FloriHls'  lleview.  Chicapfo,  ill. 

(larden  aud  Field.  Adelaide,  New  South 

Wales. 
Green's  Fruit  Grower,  Rochester,  N.  Y. 
How  to  Grow  Flower**,  Sprinj^field.    (). 
Hoard's  Dairxman.  Fort  Atkinson,  Wis. 
Forenter.  Philadelphia.  Pa. 
Aniprican  Florist.  Chicaj^ci.  111. 
Farm  Journal.  Phihulelphia.  Pa. 
Farm  Students'  Review,  St.    Anthony's 

Park.  Minn. 
HoisteiD  Register,  Brallleljoro,  Vt. 


Homo  and  Garden,  St.  Paul,  Minn. 

Home  and  Farm,  Louisville,  Ky. 

Horticultural  Visitor,  Klnmuudy.  III. 

Irrij^aliou  Af^e,  ChicagQ.  ill. 

JerM'y  iiulleiiu,  Indianapolis,  Ind. 

Montana  Fruit  Grower,  Missoula.  Moot. 

Northwe>t  Fanner,  St.  Paul,  Minn. 

Nebraska  Farmer,  Omaha.  Neb. 

Rocky  Mountain   Husbandman,    White 

Sulphur  Springs,  Mont. 

National  Stockman  and  Farmer,  Pitts- 
burg. Pa. 

North  American  Horticulturist,  Mooroe, 
Mich. 

Wallaces' Farmer,  Des  Moines,  Iowa. 

Wisiconsiu  Af^riculturist.  liacine,  Wis, 

Wool  Rncord,  New  York. 

Western  Fruit  (Grower,  St.  Joseph.  Mo. 

W.  Va.  Farm  Review,  Charleston,  W. 
Va. 

Farm  and  Poultry,  Boston.  Mass. 

Inter  Mountain  Poultryman,   Tilliio,  O. 

()rej?Hu  Poultry  Journal,  Salem.  On?. 

American  Poultry  Journal.  Chican^o,  111. 

l*oullry  Monthly,  Albany,  New  York. 

Poultry  Culture.  Kansas  City,  Mo. 
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Pacific  PoultrymaD,  Taconia,  Wash.  The  News.  Libby. 

Poultry  Herald.  8t.  Paul,  Mian.  Nuwh  letter,  Plains. 

The  Feather,  Washiuglou,  D.  C.  Oregou  A^riuiilturist,  Portland.  Ore. 

Weeklv  Suu,  Baltimore.  Md..  Northwest  Uorticulturist.  Tacoma. 

Republican*  Lake  City.  Minn.  Farmers  Review.  Chioaffo. 
Northwest  Ma^szine,  St.  Paul.  Minn.       N.  W.  Faim  &  Home,  N. Yakima  Wash. 
The  World,  Vancouver.  B.  C.                 '   Ohio  Farmer.  Cievelaud.  Ohio. 

Avant  Courier.  Bozeman.  Democrat.  Lewist^wu. 

Beit  Valley  Times,  Belt.  Market  (rarden.  Minneapolis.  Minn. 

Times.  Billinffs.  Strawberry  Specialist.  Kittreli.  N.  C. 

Pioneer.  Big  Timber.  Swine  Breeder*8  Journal.  Lincoln.  Neb. 

Chronicle.  Bozeman.  The  National  Nurseryman.    Rochester. 
Opinion.  Chinook.                                 '         N.  Y. 

College  Exponent,  Bozeman.  Moat.  Agricultural   Epitomist.    Indianapolis. 
Examiner.  Dillon.  Jnd. 

Tribune,  Dillon.         .  Ruralist.  Fcderalsburg.  Md. 

Inter  LakcKalispell.  Stockman  and  Farmer.  Helena.  Mont. 

Independent.  Glendive.  Success  wiin  Garden.  Reed  City.  Mich. 

Post.  Livingston.  Field  and  Stream,  New  York  City. 

Enterprise.  Livingston.  Park  and  Cemetery.  Chicago.  111. 

Mining  World.  Butte.  Rural  New  Yoraer.  New  York. 

Journal,  Milwaukee,  Wis,  The  Farm  Home.  Springlield,  III- 

Madisonian.  Virginia  City.  Orange  Judd  Farmer.  Chicago.  HI. 

Northwest  Tribune.  StevensviUe.  Prairie  Farmer.  Chicago.  Ill, 

Sentinal,  Gebo,  Mont.  The  News.  Miles  City. 

Sentinel,  Boulder.  Am.  Gardening.  N.  Y. 

Stock  Growers*  Journal,  Miles  City.  Western  Creamery.  S.  i). 

Tribune  Review.  Butte.  S.  Farm  Magazine.  Baltimore. 

Trilmne,  Great  Falls.  Dairy  &  Creamery,  Chicago,  III. 

Western  News.  Hamilton.  Farm  &  Poultry,  Boston,  Mass. 
Yellowstone  Journal.  Miles  City. 

ROTATION  PLATS  FALL  OF  1898. 

The  following  is  the  result  of  the  rotation  plat  yields  : 

Weight  acre  peas  straw  and  fruit 0630  pounds 

•'    sugar  beets 10000  pounds 

•'    clover 8070  pounds 

Yield  acre  wheat 53.5  bushels 

•'    oats... 81.26  bushels 

"    barley 88.5  bushels 

••        *•    peas 28.1  bushels 

There   was   a   shrinkage   in   the  pea  yield,  occasioned  by  the  har- 
vested crop  while  in  windrows  having  been  badly  scattered  by  a  heavy 
ind  storm,  the  straw  was   rolled  some  distance  and  the  peas  were 
>adly  shelled  out. 

STATION  FARM  CROP. 

ield  farm  crop  per  acre  barley 72.8 

"      ••      ••        oats 51.9 

"      *•      "        pi«as  41.0 

In  making  comparison  between  the  the  rotation  acre  crops  and  the 
Tieral  farm  crops  it  should  not  be  lost  sight  of  that  the  average  of  the 


juik 
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farm  lands  with  respect  to  productiveness  and  fertility  is  not  so  good 
as  the  six  acres  embraced  in  the  test  plats,  also  that  we  have  not  been 
able  to  formulate  and  carry  out  in  our  general  farm  practice  as  com- 
plete a  system  of  rotation  of  grain,  root  and  legume  crops  as  is  prac- 
ticed in  the  rotation  tests.  There  is  a  marked  difference  in  the  yields 
especially  coasidering  that  upon  the  farm  crop  area  there  were  9  acres 
well  manured  with  barn  yard  manure,  at  the  rate  of  fifteen  loads  to  the 
acre.  It  will  be  remembered  that  no  manure  or  fertilizer  of  any  kind 
has  been  applied  to  the  six  acres  rotation  test  tract,  since  the  year  be- 
fore the  rotation  test  was  inaugurated  and  that  the  uniformly  good 
farming,  perfect  tilth,  judicious  irrigation  and  more  than  all  the  power- 
ful stimulus  to  grain  production  found  in  the  preceeding  legume  (clover 
and  peas)  and  root  (sugar  beet)  crops. 

GALLATIN  COUNTY  CROPS. 

Average  grain  yields^  Gallatin  County,  1898. 

Yie'd  per  acre,  winter  wheat  801  bushels. 
*      spring?  wheat  31 

barley  43 


<<  <<  •<  KAflamr  /I'-i  << 


We  cannot  obtain  a  fair  comparison  in  these  yields  as  many  of  the 
Gallatin  crops  were  cut  by  hail,  with  attendant  shrinkage  of  yields. 

A  very  satisfactory  condition  is  discovered  in  that  the  aggregate 
area  of  the  clover,  alfalfa  and  alsike  meadows  of  those  reporting  exceed 
that  of  timothy  by  more  than  50%.  This  is  very  encouraging  as  many 
or  the  legume  meadows  were  cut  for  the  first  season,  and  will  grow 
better  with  age. 

A  more  gratifying  showing  even  than  the  increase  in  legumes  is 
that  the  area  of  summer  fallow  land  has  decreased  more  than  25%, 
however  these  conditions  are  but  complements  of  each  other,  increased 
clover  areas  will  always  mean  decreased  fallow  fields. 

It  is  said  that  if  white  clover  gets  a  start,  it  will  spread,  even 

as  the  value  of  clover  meadows  is  understood,  will  they  spread  and  f 

costly  hideous  wasteful  bare  stretches  of  unproductive  fallowed  lar 

be  replaced  by  the  rank  bush,  money  and  satisfaction  begetting  clo 

fields.     . 

Respectfully, 

S.  M.  Emery,  Directc 
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STREAM    GAGINGS. 

Appreciating  the  importance  to  the  Station  of  possessing  reliable 
data,  relative  to  the  water  supply  of  eastern  Montana,  this  Station  has 
for  five  years  past  conducted  yearly  gagings  of  the  following  streams: 
the  Jefferson,  Madison,  Gallatin,  Missouri,  Yellowstone,  together  with 
numerous  smaller  tributaries  of  the  same  streams. 

In  addition  to  these  streams,  gagings  have  been  conducted  of  Sun 
River  and  Milk  River.  -It" has  been  pcssible  to  secure  these  measure- 
ments by  the  coroperation  of  the  Station  with  the  Hydrographic 
DiviMon  of  the  United  States  Geological  Survey;  the  Hydrographic 
Division  supplying  instruments  and  defraying  the  expenses  of  the 
observers,  whose  business  it  is  to  secure  the  gage  reaciings.  In 
addition  to  this  they  have  kept  a  resident  hydrographer  in  the  field 
during  the  period  of  open  water,  upon  the  streams.  Complete  records 
are  preserved  of  the  flow  of  water  in  these  various  streams,  all  measure- 
ments being  reduced  to  second-feet,  i.  c  the  number  of  cubic  feet  of 
water  moving  at  the  rate  of  a  foot  per  second,  this  being  the  authorized 
department  method  for  the  computation  of  water  flow. 

The  possession  of  this  important  data  enables  the  Station  to  esti- 
mate quite  reliably  the  amcunt  of  water  available  for  irrigation  in  the 
territory  in  whioh  gagings  have  been  conducted  during  normal  years. 

REPORT  OF  THE    HORTICULTURIST. 

The  winter  of  1898  and  '99  was  a  record  breaker.  It  really  began 
in  September,  upon  the  4th  the  ground  was  white  with  snow  in  the 
Gallatin  Valley,  with  a  temperature  of  32  degrees  F.  Sept.  8th. 

Vegetation  of  all  kinds  was  in  full  leaf,  and  totally  unprepared 
for  any  such  extreme.  In  October  it  was  reported,  that  in  the  Bitter 
Root  Valley,  the  present  scene  of  the  greatest  activity  in  orcharding, 
the  thermometer  indicated  45  degrees  below  zero.  A  strange  feature 
in  connection  with  this  low  temperature  is  that  the  soil  was  not  frozen 
to  any  extent  prior  to  this  sudden  fall  in  temperature.  Fruit  trees, 
particularly  budded  slock  seX  in  the  springs  of  '97  and  '98  suffered 
severely.  A  prime  essential  to  the  well  being  of  fruit  trees  under 
conditions  of  great  severity  of  weather  is  to  have  made  the  current 
season  a  good  healthy  growth  and  to  enter  the  winter  with  the  wood 
fully  ripened  • 
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By  an  entrance  into  winter  is  not  meant  the  months  so  indicated 
in  the  calender,  but  the  time  when  the  mercury  falls  to  zero.  Such 
weather  sometimes  occurs  in  September  or  October  and  quite  uni- 
formly by  Nov.  15,  often  before  the  foliage  has  fully  ripened  and  fallen 
and  the  wood  matured.,  zero  weather  or  even  6^  above  zero  is  in  our 
judgment  more  harmful  to  fruit  tce^  than  would  be  30  to  40  below 
zero  in  the  dead  of  winter,  particularly  if  such  extreme  has  been 
reached  by  a  sliding  scale  of  constantly  lowering  temperature. 

Again  there  is  but  little  question  that  there  is  a  material  difference 
in  the  time  of  maturity  of  different  varieties  of  apples  and  crabs,  with  a 
natural  variation  in  hardiness  of  wood  and  ability  to  resist  a  sudden 
severe  change  of  weather. 

Desirous  of  setting  an  Experiment  orchard  on  these  grounds 
which  would  cover  more  comprehensively  the  field,  125  sorts  were  dug, 
5  of  a  kind,  beginning  to  dig  by  hand  on  Oct.  26  and  the  task  being 
completed  on  Nov.  lo.  The  average  temperature  of  October  was 
29^-  F.,  the  maximum  was  Oct.  8th  63^  F.,  the  minimum  Oct.  4th 
was  iSj4^  F. 

Tree  digging  did  not  progress  every  day  during  this  period  and 
was  only  conducted  when  it  was  favorable  weather.  Leaves  were 
stripped  by  hand  and  the  stock  as  rapidly  as  five  trees  were  dug  was 
carefully  heeled  in,  later  it  was  securely  trenched  in  a  dry  spot,  by  a 
man  experienced  in  such  work.  The  trenches  were  opened  in  May, 
the  stock  taken  ont,  trenched  and  planted  from  May  5th  to  May  12th. 
Apparently  all  trees  were  in  perfect  order  when  taken  out  of  the  pit. 
They  were  set  in  rows  33  feet  apart,  trees  5^  feet  apart,  it  being  the 
intention  to  eventually  leave  but  one  of  such  varieties  as  would  live. 
It  was  thought  that  in  setting  three  to  a  rod,  the  rows  two  rods  apart 
so  that  the  spread  of  the  tree  would  be  toward  the  greater  opening  and 
that  a  fair  test  could  be  gained  as  to  hardiness  of  tree  and  quality  of 
fruit,  and  economy  of  land  practised.  The  spring  was  backward  ar** 
cold  and  the  buds  started  slowly. 

It  was  noted  as  late  as  the  25th  of  June  that  a  considerable  numb 
had  not  then  leaved  out.     Two  irrigations  were  given  them;  on  Jui 
14th  and  July  i8th.     This  still  failed  to  start  the  buds,     though  t^ 
cultivations  were  frequent  and  thorough.     But  few  of  the  now  growi 
trees  presented  the  wrinkled,  shriveled  appearance  so  common  at  t^ 
late  date,  to  the  tree  which  has  failed  to  grow.     Aug.    5,    1899  a  cc 
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was  made  showing  the  following  state  of  affairs.  Recapitulations  of 
the  plantings  have  been  made  showing  the  varieties  all  of  which  made 
good  growth,  of  those,  all  of  which  refused  to  grow,  of  those  4-5ths  of 
which  grew  and  of  those  4-5ths  of  which  died. 

DEAD 

a 
5 


VARIETY. 


ALIVE. 


Am.  S.  PearmHln 

Arkansas  Black 

Alexander 4 

Autumn  Strawberry 5 

Arkansas   Beauty 2 

Alaska 5 

Aliens  Choice 5 

Black  Twig 5 

Bailey  Sweet 

Bordsorf 4 

Ben  Davis S 

Baldwin 

Belle  De  Boskoop 

Coles  Quioce 4 

CofTelt 3 

Chenanf^o  Strawberry 2 

Clayton 1 

Caribouso 2 

Canada  Red 1 

Charlotten-Thaler 2 

i^elaware 

Domini 2 

Ducbesse 5 

E.  Strawb.  Apple 5 

E.  Harvest 1 

E.  Red... 1 

E.  Strawb.  Crab 5 

E.  Fennock 1 

Flora  Bell *. 

Fameuse    2 

Florence  Crab 5 

Golden  Russet 1 

Greenwood 5 

Golden  Beauty 5 

Grimes  Golden 1 

Gano 5 

Gravensiein 1 

Gideon 5 

Jaas 2 

Hubbard  Nonsuch 

Herhey  S  A^eet ...   2 

Huntsman 1 

Hyslop 5 

Hibernal 5 

Hurlbnt 2 

Hughes  Virginia 1 

Jonathan 

Iowa  Bluah *i 

acob  Sweet 1 


WEAK. 
2 


2 

1 


3 
1 


2 

1 


2 
1 


3 

1 

4 
5 
1 
2 
2 
4 
3 
4 
8 
5 
3 


4 

4 

4 

2 
2 

3 


4 
4 


5 
2 

4 


3 
2 
5 
2 

4 
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Ishams  Sweet 1  4 

KiDf;  of  TompkiDS  Co 5 

Keswick  Codlin 8  2 

Liebe 8  2 

Lady  Elgin 2  3 

LongUekl 2  3 

Lawyer 5 

Laasingburt^ 1  2                     2 

Lowell 1  4 

Mann 1  4 

MclDtost) 5 

MuMahoD 3  2 

Minkier 2  1                      2 

Montreal 5 

Minnesota 3  2 

Maiden  Blush «^ 1  4 

Martha 5 

Milam 1  4 

Mo.  Pippen 1  1                      3 

Milton 5 

N.  W.  GreenioK 2  2                      i 

N.Spy.... 2  3 

Orange 5 

Okabena 5 

Pumpkin  Sweet 1  1                     3 

Price  Sweet 4  1 

Plumb  Cider 4  1 

Pdrry  Ru.sset 2  3 

Pewavkee 3  11 

Pride  of  Minneapolis 5 

Queens  Choice 4  1 

Koman  Stem 1  1                      3 

Ramsdell  Sweet 5 

Rolfe 2  3 

Red  Astrachan 3  2 

Rubicon 3  1                       1 

Rome  Beauty •  3  11 

Rawles  Janet 1  4 

R.l.  Greening 

Roxbnry  Russet 1  4 

Rambo 1  4 

Red  June 1  3                      1 

Russet 5 

R«d  Bietigheimer 2  3 

Ribston  Pippin 1  4 

Stark 2  3 

Smith  Cider 5 

Salome 1  2                      2 

St.  Lawrence 4  1 

Smoke  House 4  1 

Sweet  June 5 

Spitzen  Berg 

Slump 1  ^                     ^ 

Seek  No^Further 1  2                     2 

Scotis  Winter 1  4 

Shockly 


5 


5 


5 


Tetofsky 3  3 


.     V      ■«■■  :  ..  ..  - 
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Twenty  Ounce 

TraDscenden...t 5 

'1  almau  Sweet 4 

Utters  Red 

Van  Wyck 8 

Virginia 2 

Willow  Twifir 1 

Winter  Sweet ,....  5 

Waibridge  8 

Wine  Sap 3 

Whitney 5 

Wealthy 5 

White  Arctic 4 

Wolf  River 5 

White  Winter 4 

York  Imperial 5 

Yellow  Bellliower 4 

Yellow  Transparent 5 

Yellow  Newtown  Pippen 1 


5 
2 
8 
4 

2 
2 


1 
1 
4 


We  believe  that  it  is  fairly  demonstrated  in  these  results  that  the 
respective  relative  hardiness  of  the  different  varieties  of  apples  and 
crab  trees  depend  in  large  measure  upon  the  ability  of  the  tree  to  ac- 
cumulate its  proper  store  of  material  for  bud  formation  early  in  the  fall 
in  advance  of  freezing  weather,  and  that  it  is  not  the  extreme  cold  that 
does  harm,  but  such  climatic  changes  as  will  suspend  the  assimilation 
of  the  proper  food  for  future  development  of  the  tree.  To  sustain  this 
theory  we  present  below  two  groups,  the  first  iu  which  four-fifths  or 
more  of  the  trees  have  lived;  the  second,  that  in  which  four-fifths  or 
more  of  the  trees  have  failed  to  grow. 

TREES  OF  WHICH  FOUR-FIFTHS  GREW. 


Alexander 

Autumn  Strawberry 

Alaska 

Allen*9  Choice 

Black  Twig 

Borsdorf 

Montreal  Beauty  Crab 

Martha 

Milton  Crab 

Orange 

Okabena 

Price  Sweet 

Wealthy 

While  Winter  Crab 


Cole  Quince 
Duchess 

Strawberry  Apple 
Strawberry  Crab 
Fiorance  Crab 
(ireenwood 
Plumb  Cider 
Pride  of  Minneapolis 
Qiitfen's  Choice 
Kanisdell  Sweet 
Rnssel  Crab 
Sweet  June 
White  Artie  Crab 
Yellow  Belltlower 


York  Imperial 

Golden  Beauty 

Uano 

Gideon 

Hyslop 

Hibernal 

Transcendent 

Talman  Sweet 

Van  Wyck  Crab 

Winter  Sweet  Crab 

Waibridge 

Whitney  Crab 

Wolf  River 

Y.  Transparent 


,M 
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TREES  OF  WHICH  FOUR-FIFTHS  FAILED  TO  GRO' 

ArkHDsaa  Black  Kraveast-tin  Yeltovr  Newtoa  Pii»|i 

Bdldnin  Hubbard  NoDSUcb  MclDtosh 

Belie  lie  Boskoop  UiinUman  Maiden  Bliiah 

Clayton  IsliaiD  Sweet  Militin 

Caonda  Kod  Jacob  Sweet  Kolfe 

UeUware  Joaathnn  Rawlen  Janet 

Ey.  Harvest  KiDf;  of  Tompkias  Co.         R.  I.  UronninK 

Ey.  Bed  Lawver  Boxbury  Uusbut 

Ey.  Pennoclc  Lowell  Kftnilio 

Smith  Cider  Mann  Ribstnn  Fipyin 

SpitxenberK  Scotls  Winlor  Shockley 

Wiliow  Twlp>  Twenty  Oiioco  Utiem  Bed 

Gnrues'  Uolden 

In  support  of  this  theory  there  are  perhaps  in  the  first  list 
ten  varieties  out  of  forty-two  which  might  be  questioned  as  to  beii 
called  iron  clad  varieties,  these  are:  Sweet  June,  Autumn  Straw! 
Black  Twig,  Coles  Quince,  Gano,  Plumb  Cider,  Ramsdell  Sweet,  Ta 
Sweet,  York  Imperial  and  Yellow  Bellflower,  while  under  the  se 
list  of  thirty-seven  trees  there  is  not  a  single  claimed  "Iron  C 
variety;  those  coming  the  nearest  to  that  class  are  perhaps  as  fol 
Mann,  Mcintosh  Scotts  Winter  and  Utter  Red.  I  aui  <>f  the  op 
that  this  generalization  as  to  the  iron  clad  would  be  indorsed  b 
nursery  men  and  orchardists  of  the  upper  Mississippi  valley. 

In  no  single  instance,  we  believe,  has  a  variety  failed  to  res 
that  has  been  classed  as  an  iron  clad,  while  a  number  of  those  ch 
as  semi-hardy  have  stood  better  than  others  supposedly  more  h: 
Many  of  these  trees  are  apparently  in  a  perfect  dormant  condi 
buds  and  young  wood  plump  and  full,  and  every  promise  of  d( 
functions  being  ^ene^ved  at  an  early  date,  spite  of  the  lateness  o 
season. 

The  question  arises,  why  have  the  trees  which  have  not  leafei 
behaved  thus,  with  no  visible  reason  for  such  conduct  ?  Unque: 
ably  the  severity  of  the  fall  and  early  winter  caught  them  in  ai 
prepared  condition,  and  what  constitutes  an  unprepared  condition 
's  a  conversion  of  the  sap  of  the  tree  into  the  constituent  elements 
prising  food  material  for  buds  and  leaves.  This  is  largely  starch 
sugar  and  if  the  unreasonable  cold  arrested  the  development  of 
actors,  we  have  a  reason  for  this  behavior. 

Does  this  lateness  of  maturity  constitute  the  difierence  bet 
hardy  and  tender  fruit  trees  ? 

Farther  work  will  be  prosecuted  along  these  lines,  seeking 
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lution  of  this  vexed  problem.  Notes  aire  being  taken  in  apple  blocks 
of  two  year  roc^s  and  yearling  tops  to  ascertain  the  relative  maturity 
of  new  wood  as  indicated  by  the  formation  of  the  terminal  buds. 

It  is  noted  that  the  younger  trees  require  a  greater  length  of  time 
to  develope  this  terminal  bud  and  presumably  to  ripen  the  new  growth 
of  wood.  In  a  comparison  between  yearling,  two  year  and  three  year 
old  wood,  the  oldest  trees  are  found  to  mature  the  quickest  and  the  two 
year  trees  more  quickly  than  the  yearlings. 

An  element  of  great  encouragement  is  to  be  found  in  the  behavior 
of  different  aged  trees  in  Montana.  Elsewhere,  notably  in  sections  of 
the  humid  states,  the  younger  trees  are  the  more  resistant  to  climatic 
effects,  while  aged  trees,  those  just  coming  into  bearing  or  soon  there- 
after, show  a  marked  tendency  to  succumb  to  climatic  extremes. 

a 

Beyond  question  the  reason  for  this  difference  is  to  be  found  in  the 
practice  of  intelligent  irrigation.  In  the  humid  regions,  the  roots  of 
the  younger' trees  are  nearer  the  surface  and  experience  the  benefits  of 
both  surface  moisture  and  cultivation,  while  as  the  tree  develops  its 
major  roots  pass  down  info  a  region  beyond  the  immediate  effects  of 
rain  waters  and  of  cultivation.  Such  suffer  from  the  dual  deprivation 
and  an  enfeebled  state  or  death  ensues. 

Under  excessive,  frequent  and  long  continued  irrigation  both 
crowns  and  roots  are  powerfully  stimulated  and  uhdue  growth  oc- 
casioned, this  in  turn  does  not  mature  in  season  and  the  young  tree  is 
injured  by  the  occasional  extremes  of  severe  winter  weather.  The 
remedy  for  this  condition  is  to  be  found  in  early  planting,  deep  and 
clean  culture,  during  the  period  of  weed  growth  and  temperate  irri- 
gation. Aged  orchard  trees  in  fruiting  mature  still  more  quickly  than 
nursery  stock. 

Observation  in  California  lead  to  the  belief  that  our  orchard  area 
'*an  be  materially  extended,  by  reducing  the  average  amount  of  water 
s  usually  applied  to  the  Montana  orchard.  That  is  to  say,  the  Cali- 
brnian  substitutes  quite  largely  intensive  culture  for  irrigation.  The 
reason  of  '97  was  practically  rainless  in  much  of  the  fruit  sections  of 
California  and  yet  they  experienced  but  little  difficulty  in  keeping  orch- 
ards alive.  The  Californian  practises  that  which  the  average  fruit 
*rower  of  the  United  States  does  not. 
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For  example,  beginning  with  the  setting  of  the  fruit  tree,  intensive 
cultivation  is  inaugurated  and  majntained.  This  is*not  the  shaUow 
culture  of  the  balance  of  the  country  but  deep.  The  effort  is  made  to 
discourage  the  formation  of  the  shallow  surface  roots,  that  are  common 
in  any  country  where  the  tree  depends  upon  frequent  rains  or  repeated 
irrigations  for  growth.  Deep  cultivation  in  this  case  compels  two 
things,  deep  moisture  deposition,  as  when  the  rains  come,  or  irrigation 
is  performed,  water  speedily  follows  the  deep  furrow  to  still  lower 
levels,  and  the  tree  roots  go  to  the  greatest  source  of  water  supply, 
which  in  this  case  is  from  i8  inches  to  6  feet  below  the  surface  depend- 
ing on  the  age  of  the  tree  and  the  character  of  soil. 

Instead  of  encouraging  the  tree  to  grow  shallow  roots,  as  is  always 
done  either  by  shallow  cultivation,  repeated  light  irrigations  or  mulch- 
ing, these  are  discouraged  by  cutting  them  off  with  the  closely  run 
deep  furrows.  Roots  are  bound  to  form  upon  a  thrifty  tree  and  fail- 
ing to  find  lodgement  in  the  first  12  inches  of  soil,  they  are  compelled 
in  self  defence  to  hunt  lowier  levels.  The  result  of  this  deep  rooting  is 
manifestly  to  the  advantage  of  the  tree,  in  that  it  insures  for  it  more 
permanent  conditions  of  moisture  and  a  steadier  uninterrupted  growth 
than  happens  to  the  tree  whose  roots  are  in  a  soil  more  susceptible 
to  climatic  changes,  and  not  only  do  they  force  the  tree  to  a 
system  of  deep  rooting  but  they  continue  the  cultivation  until  the 
dust  mulch  covers  the  spil  surface  not  to  a  depth,  cf  the  two  or  three 
inches  so  commonly  advised  by  eastern  culturists,  but  to  six  or  eight 
inches.  Into  this  the  foot  of  an  adult  will  sink  to  the  shoe  top,  not 
a  weed  or  a  spear  of  grass  is  visible,  nor  did  I  see  any  attempt  at  co- 
operative cropping  of  the  land  to  other  crops  in  the  orchard.  The 
land  on  which  the  orchard  stands  is  religiously  devoted  exclusively 
to  the  use  of  the  orchard.  We  of  Montana  may  profitably  study 
California  orchard  methods  and  put  Ihem  into  practise. 

DORMANT  TREES. 

In  using  the  term  dormant,  reference  is  made  to  a  condition  exis 
ing  in  certam  trees  dug  in  the  fall  of  '98,    buried  through  the   wint' 
and  set  in  the  spring  of  1899,  and  which  have  still  failed  to  come 
leaf,  or  to  die,  that  is  to  say,  the   wood  is  still  plump  and  green,  ai 
the  tree  presents  every  appearance   of  a  tree  at  rest.     Unquestional 
the  fact  that  these  trees  have  been  irrigated  accounts  for  this  ^res^ 


Bulletin  24.  SIXTH  ANNUAL  REPORT.  133 


condition,  and  did  not  the  roots  take  up  moisture  from  the  soil  and 
transmit  it  through  the  sap  cells  to  th^  body  and  limbs,  undoubtedly 
the  trees  would  have  shrivelled  up  and  died  long  since.  It  is  proposed 
to  lay  all,  or  a  part  of  these  trees  down,  protect  with  soil,  and  see  if 
growth  function  will  be  resumed  with  the  coming  of  another  season. 

In  attempting  to  arrive  at  the  cause  for  the  singular  behavior  of 
the  trees  now  dormant,  the  following  course  is  being  pursued  through- 
out the  late  fall  of  '99:  Weekly  irrigations  are  given  to  two  of  six 
each  of  the  varieties,  which  have  stood  transplanting  the  best,  and  the 
poorest.  This  will  be  carried  forward  with  a  view  to  keeping  the 
trees  green  and  soft  until  the  ground  freezes  too  solidly  for  moisture 
to  penetrate  and  after  zero  weather  has  been  experienced,  scions  will 
be  cut  from  both  treated  and  untreated  trees  of  the  same  varieties,  so 
as  to  compare  the  relative  conditions  of  the  two  sets  of  scions.  Com- 
parisons will  b^  microscopic  and  by  chemical  analysis  as  well. 

The  scions  will  also  be  tested  in  the  natural  method,  namely, 
associating  them  with  root  sections  in  the  form  of  grafts,  and  testing 
them  for  growth.  We  are  convinced  that  material  loss  has  heretofore 
been  sustained  by  Montana  nurserymen  who  have  not  been  sufficiently 
prudent  in  the  time  in  which  scions  are  cut  from  the  parent  tree. 

Experience  would  teach  that  the  best  results  are  only  to  be  attained 
from  taking  fully  matured  ciohs  before  there  has  been  sufficient  freez- 
ing weather  to  impair  their  vitality. 

A  root  graft  to  do  well  should  start  growth  in  the  form  of  callous- 
ing, weeks  before  being  set;  this  implies  that  root  grafting  should  be 
performed  in  the  middle  of  the  winter  and  the  grafts  carefully  boxed  in 
damp  material;  (perferably  sand)  in  a  cool  cellar,  that  they  should  be 
set  as  early  as  the  ground  can  be  worked;  and  their  condtcion  be  such 

that  growth  should  ensue  at  the  earliest  possible  moment  in  the  spring, 

> 

this,  so  that  the  desired  size  of  the  yearling  graft  should  be  attained  by 
the  middle  of  July  leavmg  ample  time  thereafter  for  the  new  growth, 
(and  all  above  ground  will  be  new  growth)  to  fully  ripen  before  freez- 
ing weather  sets  in. 

Whether  it  is  desired  to  cellar  root-graft  or  to  top  graft,  (the 
latter  operation  being  best  performed  betwfsen  the  period  of  bud  swell- 
ing and  leaf  bursting)  the  cions  to  be  used  should  be  cut  the  previous 
fall,  before  zero  weather  is  experienced.      A  safe  rule  to  follow  is  to 
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a 

cut  cioQs  when  the  leaves  have  fallen  and  the  terminal  bud  set.  Im- 
mature soft^  green  wood  will  not  produce  a  strong  grpwth  even  if  it 
starts  at  all. 

If  the  sap  cells  of  the  cion  are  not  fully  developed  arid  in  condition 
to  assimilate  the  sap  supplied  by  the  parent  root  piece,  the  result  will 
be  the  excess  strength  or  sap  of  the  root  will  push  forth  buds  from  ad- 
ventitious buds  on  the  root,  a  seedling  growth  start  therefrom  and  the 
cion  growth  be  smothered  out  by  the  excess  strength  of  the  seedling 
tree  instead  of  one  the  same  as  the  cion.  / 

The  process  of  fruit  production  from  root-grafting  is  so  simple 

and  easy  of  performance  and  ample  results  so  easy  of  attainment  that 

there  should  be  much  of  this  done  in  an  amateur  way.      The  apparent 

length  of  time  required  is  a  deterrent,  but  two  years  from  the  apple 

seed  is  sufficient  time  for  the  development  of  a  nursery  tree  quite  large 

enough  to  transplant. 

CONDITION  OF  ORCHARD  TREES  IN  SPRING  AfJD  SUMMER 

1899. 

The  loss  in  the  Station  orchard  trees  was  greater  by  far  than  in 
any  year  of  its  history.  It  should  be  borne  in  mind  that  many  Of  these 
varieties  set  were  destined  to  death  when  planted,  it  being  against  our 
judgment  that  they  would  live.  Unfortunately  this  is  the  only  way  to 
demonstrate  actually  by  personal  experience,  the  relative  merits  of  tree 
hardiness  and  while  it  may  appear  as  a  waste  of  time  and  money  to  set 
supposedly  tender  trees,  yet  the  surest  foundation  of  ultimate  success 
is  based  on  failure  and  if  it  can  here  be  demonstrated  that  certain  trees 
are  valuable  or  otherwise,  it  will  be  money  made  rather  than  lost  to 
the  State  at  large.  It  is  thought  that  considering  the  altitude,  4793 
feet,  of  the  Experiment  Station  grounds,  that  varieties  doing  well 
here  will  thrive  well  elsewhere  throughout  the  state  under  as  favor- 
able conditions  of  soil,  moisture,  etc. 

The  loss  of  trees  is  not  wholly  due  to  severity  of  season  or  con- 
dition of  the  trees.  An  open  ditch  carrying  off  the  college  drainage, 
owing  to  unusual  severity  of  the  season,  filled  with  ice,  over-flow 
waters  were  carried  down  to  and  through  ihe  orchard,  covering  a 
large  per  cent  of  the  orchard  site,  under  the  snow,  with  the  drainage. 
This  unreasonable  irrigation  could  but  prove  harmful  to  the  trees,  and 
we  attribute  much  loss  to  this  account.  The  following  list  shows  the 
condition  of  orchard  trees: 
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Variety.  t>KT, 

Yellow  Criiuean 5 

Ked  Queen 6 

GraDUiuoiber 5 

Gipsy  Girl 6 

BuKUaDolF 5 

Persiao 0 

Koyal  Table 5 

12  M 5 

Kauibour  Queen 5 

No.  257 ; 5 

Borsdorf 4 

Lonji^tiekl 8 

Wealthy    5 

Alexander   2 

Tetofsky 5 

Arabtfkoe 2 

Fanieuse 2 

Cross 1 

Gideon 8 

Veronesvh 11 

Aniselto 4 

ZuzolT 5 

Aport    6 

Haiken 6 

IlosenhaKen '. 5 

Orel  No.  11 6 

Good  Peasant 5 

Leads  N 7 

Walbrid^e  2 

Northern  Spy 2 

Gravenstein 2 

Veroneach.  Rosy 8 

Grirae^H  (rolden      2 

Red  BieliKheimcr 2 

Hurlbut 2 

Fall  Pippin 2 

Ben  Davis 2 

•Golden  Russet 6 

Keswick  Codlin 2 

Red  Astrachan 2 

Haas 8 

Okabena 8 

Thompson's 24 

Sutton  Beauty 2 

Maiden  Blush 2 

Duchess , 5 

Scott's  W infer 8 

Wolf  River 8 

Hibernal 8 

St.  Lawrence 2 

Talraan  Sweet 2 

Yellow  Transparent 2 

Eewaukeo -. 2 


214 
•These  were  pnrcbaeeV  of  Jewell  lUnnery  Co. .  Lake  City,  Minn. ,  for  Golden 
but  proved  to  be  the  Sweet  Rasftel  Crab. 
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B..  for  Golden 

RosAet  Apples, 
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PEAR    LIST. 

Variety.  SET. 

Giffard 2 

Fre«lerick  Clapp, . .  * 2 

FleQjish  Beaiily, 2 

Tyson 2 

Winler  Nelis 2 

Aujou ; . . .  2 

Boussock, 2 

Doyenne  d  Ete, 4 

Aup^ouleme, 2 

Sheldon, 2 

Seckel 2 

Lawrence 2 

26 

CRAB   APPLE    LIST 

Variety.  SET. 

Pride  of  Minneapolis, S 

W  hilney 5 

Hi«lop 2 

Transcendent .  5 

Greenwood^ 3 

Hailey's  Criniuon,.  i 'H 

Martha 3 

Virginia, 3 

Oranjce, 3 

Early  Straw  berry 3 

33 

CHERRV  TREES. 

Variety.  SEF. 

Yellow  Gla98  . . .  •. 5 

Orel  No.  24 0 

Slanka 5 

Aniarilla 2 

Black  Tartarian  3 

Griotie  Precose 5 

King's  Morello 5 

Royal  Duke 2 

Wragg 3 

May  Duke 2 

Lutovka 5 

Griotte  du  Nord 5 

Uessarabian r* 

Osthelm 3 

Windsor 1 

Tradescant 3 

Montmorency 2 

E.  Uichniend 2 
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APRICOTS. 

Vtiriety  SET. 

Gibb S 

Build     8 

Alexauder 8 

U 
PRUNES. 


ALIVE. 

DEAD 

U 

3 

0 

3 

0 

8 

0 


9 


Variely.                                          SET.  ALIVE.  DEAl>. 

Georj^e  Glaj»8 8  0  3 

Commiinia 8  8  5 

UuQfi^arian.... 15  0  15 

2(^  8  23 

PLUMS.  •       .      V 

Variety.                                       SET.  ALIVE.  DEAD. 

Tatge 8  0  8 

Spanish  Kinjr 1  0  1 

Wilson 1  0  1 

O^on 5  0  5 

F.Garden 8  1  l 

Yellow  Veronescb 5  2  8 

Maqnequeta 5  0  5 

Wild  Goose 8  0  8 

Rollinfl[8tone 8  0  3 

Desota 8  2  6 

Hawkeye 8  0  8 

Lombard 2  0  2 

Coe*8  Golden  Drop 2  0  2 

Fellemburg         2  0  2 

Charles  Downing 2  .0  -  2 

Riga  No.  118 5  0  ft 

Moldovka.. 5  4  1 

Wyant ,.2  0                    -        2 

Milton 8  0  3 

Hammer 8  0  4 

Pottawattomie 8  '0        *  8 

YellowGlass 7  B  7 

Wolf 8  0  8 

McLaughlin 9  0  2 

Weaver '.  '8              •■  ^•.             :       ,1    ■ 

Smith's  Orleans 2  0  2 

GreenGage 3  0  3 

Bav ay's  Green  Ga^e 2  C^  2    . 

Peter's  Y.  Gage 2  0  2 

100  11  82 

In  vacances  occasioned  by  the  death  of  orchard  trees,  these  have 
been  removed  from  time  to  time  and  others  set  in  their  stead. 
The  following  is  the  record  of  such  replaced  tree; 
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Variety.  SET. 

Alexander 8 

Alleu*8  Choice 7 

Arkuusas  Black 4 

Beu  Uavig 12 

iiietitsheimer.  •      , 18 

Carthouse 6 

ChariotieDthaler U 

Caoada  Red  Judo 2 

Duchesa 8 

Delaware 2 

Early  S>trawl>erry  Apple 12 

Early  Harvest  Apple 18 

Fanieuse 6 

Floreooe  Crab I 

Gano 9 

Uaas 6 

Hubbard 0 

Hibernal 11 

Jonatban 5 

Liebe 4 

Lawyer 16 

Longfield 4 

Mcintosh  Bf d 9 

McMahon  White 7 

North  West  Greening 8 

Northern  Spy 14 

Okabena 5 

Pewaukee 4 

Plumb  Cidtr 11 

Price  Sweet. .« 9 

RamsdoU  Sweet 0 

Kawels  Janet 10 

Rod  Astracahn , 16 

Roman  Stem 8 

Rojiie  Beauty 2 

Scotts  Winter 6 

Spitzenber(( , 6 

Salome 8 

Tetofsky 6 

Twenty  Ounce 2 

Ulter'8  Large  Red 1 

Walbridge 15 

THE  STRINGFELLOW  METHOD. 

In  the  spring  of  1898.  the  experiment  was  made  of  planting  root- 
pruned  trees  according  to  the  Stringfellow  method.  This  in  brief  is 
cutting  off  all  side  roots  close  to  the  main  root,  leaving  a  club  and 
planting  very  firmly  at  the  u^ual  depth  or  a  trifle  deeper.  The  top  is 
also  cut  back  in  the  same  fashion. 

Doubts  were  entertained  as  to  the  survival  of  the  trees  thus  treated, 
the  soil  not  being  so  warm  as  where  this  method  was  first  introduced; 
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in  Texas.  Two  year  trees  were  used  in  the  test;  five  trees  each 
of  the  following  were  set,  one  each  of  the  nve,  a 
fair  average  tree/  was  root-pruned  and  with  this  exception,  all 
were  planted  practically  under  the  same  conditions.  Allen's  Choice, 
Charlottenthaler,  Duchess,  Deleware,  Gano,  Hibernal,  Jonathan, 
Longfield,  Lawver,  Liebe,  North  West  Greening,  Okabena,  Pewaukee, 
Plumb's  Cider,  Price's  Sweet,  Red  Astracahn,  Rawles  Janet,  Scott's 
Winter,  Salome,  Tetofsky.  The  following  table  will  show  the  results 
as  to  dead  trees  of  those  set : 

ROOT-PRUNED   UNPRUNED 
VARIETY.  TKEES  DEAD.   TREES  DEAD. 

Allau*H  Choice ,,,.  8 

Charlotteolbaler 1  1 

Duchesfl 1  1 

Delaware 1  1 

Jonathan 1  8 

LoDglield 0  1 

Lawver 1  1 

North  West  (rreening 1  8 

OKuhena 0  1 

Plumb's  Ciller. 1  8 

Price's  Sweet 1  2 

Red  Astracahn 1  1 

Scott's  Winter 1  2 

Salome I  2 

Tetofsky 1 

Of  20  root-pruned  trees,  12  failed  to  come  out  alive  in  the  spring 
of  1899;  of  80  unpruned  trees,  24  failed  to  come  out  alive  in  the  spring 
of  1899;  or  three-fifths  cf  the  root  pruned  and  three-tenths  of  the  un- 
pruned trees,  were  the  respective  percents  of  dead  trees,  or  twice  as 
many  in  proportion  died  that  were  root-pruned  as  of  the  unpruned 
trees. 

Of  the  living  root-pruned  trees,  the  following  will  indicate  their 
respective  conditions : 

Allen^s  Choice^  strong  vigorous  growth,  terminal  buds  not  set,  very 
green. 

Ganoy  vigorous  growth,  terminal  buds  set  but  yet  green. 

Hibernal^  fair  growth,  terminal  buds  set,  but  green  and  soft. 
Longfield^  fair,  medium  growth,  terminal  buds  set  but  very  green. 
Liebe,  very  small  irregular  growth,  terminal  buds  not  set. 
Okabefia,   tremendous  growth,  terminal  buds  set  in  fine  condition. 
Pcwaukee,   very  strong  growth,   terminal  buds  set,  but  green  and 
soft. 

Kawles  Janet,  moderate  growth,  terminal  buds  not  yet  set. 
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The  comparative  success  in  pla;iting  trees  thus  pruned  warrants 
farther  experimenting  along  the  same  line,  and  such  will  be  conducted 
on  a  much  larger  scale  in  the  spripg  of  19QO. 

Stringfellow,  (so  named  for  H..M.  Stringfield  of  Galveston,  Tex., 
the  introducer  of  the  method)  pruning  seems  to'  one  educated  on  the 
old  theory  that  the  root  is  the  tree,  to  be  the  most  senseless  idiotic  plan 
that  could  well  be  devised,  and  yet  trees  thus  treated  do  grow^  and  after 
all  it  is  not  much  more  unreasonable  than  to  sow  grain,  expecting  it  to 
grow  and  to  reproduce  its  kind,  20,  40  and  in  the  Gallatin  valley,  at 
times,  100  fold. 

The  tree  thus  pruned  should  be  not  to  exceed  two  years  of  age, 
and  preferably  one  year  from  the  graft.  One  attempting  to  thus  start 
an  orchard  should  have  a  knowledge  of  how  to  prune  and  trim  a  tree, 
so  as  to  develop  a  strong  shapely  crown  or  head,  though  this  knowl- 
edge should  be  possessed  by  all  attempting  to  grow  an  orchard.  The 
tree  is  by  this  system  placed  practically  upon  the  same  footing  as  a 
cutting,  and  those  who  have  had  experience  in  producing  deciduous 
trees  from  cuttings  know  that  the  soft  wood  trees,  which  niay  thus  he 
grown,  can  be  produced  of  much  finer  quality  from  a  cutting  taken 
from  the  current  years  growth  of  wood,  than  can  be  from  a  rooted  seed- 
ling of  the  same  age.  In  the  case  of  the  cutting,  the  first  step  toward 
rooting  is  a  callousing  process,  which  is  developed  around  the  cutting 
at  the  intersection  of  the  bark  with  the  heart  wood.  This  often  times 
covers  the  entire  butt  of  the  cutting  and  is  a  series  of  granulations  from 
which  new  hair-like  roots  are  thrown  forth  in  all  directions  from  the 
common  center.  Set  a  seedling  cotton-wood  without  root  pruning  and 
the  result  will  be  an  extension  of  the  tap  root  dovvnward^nd  into  the 
soil  in  which  plant-food  is  usually  not  so  abundant  as  nearer  to  the 
surface.  At  frequent  intervals  along  the  tap  root,  side  roots  will  be 
thrown,  these  and  the  tap  root  supplying  nourishment  to  the  stem.  By 
cutting  off  the  tap  root  of  same  tree  many  roots  will  radiate  at  right 
angles  with  the  cutting,  from  its  base  and  into  much  better  foraging" 
ground  than  will  be  found  by  the  main  root,  the  result  is  generally  in 
creased  growth,  compared  to  the  tree  set  unpruned. 

No   doubt   exactly   the   same   process   takes   place  with  the  root 
pruned  apple  tree,  usually  from  three  to  six  roots  are  cut  off  smoothly 
at  the  point  where  they  leave  the  main  root,  each  of  these  cut  surface! 
speedily  granulate  and  myriads  of  fine  hair  rootlets  are  thrust  forth  * 
all  directions,  seeking  plant  food. 
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In  the  mean  time  there  is  but  comjparatively  little  drain  upon  the 
roots,  as  the  limbs  have  also  all  been  pruned  and  the  top  shortened  in 
to  a  heightKof  from  18  to  24  inches,  depending  on  the  age  and  size  of 
the  tree.  By  the  time  the  dormant  buds  are  thus  forced  into  action, 
the  roots  are  ready  to  do  their  part  and  the  tree  is  forced  into  speedy 
and  symmetrical  growth,  always  supposing  its  owner  to  be  on  guard  to 
give  it  the  right  direction  by  intelligent  control  of  the  new  growth. 

Points  in  favor  of  the  new  method  are  economy  of  planting,  much 
smaller  holes  being  necessary,  in  fact  the  tree  thus  pruned  can  be  well 
wet  with  a  dibble*  Economy  of  freight  and  packing,  and  the  lessened 
risk  of  the  importation  of  insect  pests  upon  roots  and  limbs.  We  are 
not  prepared  to  advise  inexperienced  planters  to  purchase  trees  thus 
pruned  as  they  would  be  much  more  liable  to  be  imposed  upon  in  the 
matter  of  ill-conditioned  stock,  than  if  the  roots  and  tops  were  present 
to  show  for  themselves  the  condition  of  the  tree  to  the  purchaser. 

In  passing  judgment  upoathe  <<Stringfellow"  method,  it  should  be 
borne  in  mind  that  the  winter  of  '98  and  '99,  was  the  most  severe  in 
the  history  of  the  station,  and  that  of  the  twenty  varieties  thus  treated 
that  but  four  of  them  could  by  any  stretch  of  the  imagination  be  classed 
with  the  iron  clads.  These  we  would  name  as  the  Liebe,  North  West 
Greening,  Okabena  and  Tetofsky  and  the  other  sixteen  would  hardly 
rank  with  the  semi-hardies,  With  a  normal  Montana  winter,  (one  in 
which  the  minimum  would  have  been,  say  25  degrees)  it  is  altogether 
likely  that  a  larger  percent  of  the  root  pruned  trees  might  have  sur- 
vived. 

STRAWBERRIES. 

Strawberries  are  compared  upon  a  different  basis  than  that  of  pre- 
vious years.  Originally  twenty-five  plants  of  a  kind  were  set  and  the 
conditions  in  this  respect  were  the  same.  In  the  present  beds  (a  part 
of  which  were  set  in  the  spring  of  1897)  and  the  balance  in  1898,  vary- 
ing numbers  were  planted  ranging  from  one  to  three  hundred  plants  of 
a  kind.  The  yield  is  therefore  reduced  to  the  basis  of  a  single  plant. 
From  some  unexplained  reason  the  strawberry  crop  was  not  up  to  its 
usual  measurement  of  production  at  any  point  within  the  state.  The 
spring  was  unusually  backward  and  cold,  and  during  the  period  from 
first  bloom  to  the  last  berry  picked  there  was  but  a  single  week  in 
which  the  days  and  nights  were  sufficiently  warm  to  crowd  growth. 
The  two-year  plants  had  much  the  better  of  the  one-year  plants  in  that 
^hey  had  become  firmly  established  and  had  thrown  out  strong  and 
tbundant  runners. 
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The  old  standbys  show  their  value  as  reliable  fruiters.  This  is 
notably  so  with  Bederwood,  Bisel,  Barton's  Eclipse,  Orescent,  En- 
hance, Mrs.  Cleveland  and  Warfield,  while  in  the  case  of  Brandywine, 
which  has  heretofore  done  comparatively  nothing  in  its  life  on  these 
grounds,  has  yielded  at  the  rate  oi  loy^  ounces. 

Brandywine  is  a  staminate  plant.  By  referring  to  page  78,  Bul- 
letin 16,  it  will  be  seen  that  it  is  bounded  in  the  new  plantation  by 
open  ground  to  the  east,  Enormous  (pistillate)  to  the  north,  Enhance 
(staminate)  to  the  west,  and  Crescent  (pistillate)  to  the  south. 

The  soil  is  practically  the  same  as  that  in  which  it  has  been  grow- 
ing and  the  plants  set  in  new  beds  were  transferred  from  the  old  bed. 
It  seems  to  have  been  an  illustration  of  that  freakishness  which  is  at 
times  characteristic  of  the  strawberry. 

N(>  opportunity  was  afforded  to  farther  investigate  the  suscepti- 
bility of  the  strawberry  fruit  to  withstand  frosts.  After  blooming  we 
were  again  exempt  from  killing  frosts,  pending  the  ripening  of  the 
fruit.  The  evident  requirement  of  the  state  for  an  ideal  berry  will  be 
found  in  a  late  bloomer,  a  pistillate  sort  an  abundant  yielder  of  fair 
size,  good  color  and  firm  of  texture.  Such  a  berry  properly  fertilized 
will  be  a  welcome  accession  to  small  fruit  growers.  Too  much  em- 
phasis cannot  be  placed  upon  the  structure  of  a  desirable  shipping 
berry.  Already  there  are  growers  in  the  state  with  twenty-acre  plan- 
tations of  strawberries,  and  distributing  these  at  the  rate  of  10,000 
quarts  per  acre,  over  a  period  of  fifteen  days,  the  period  of  the  greatest 
fruitfulness,  such  a  bed  is  capable  of  supplying  many  people.  Early 
strawberries  were  in  market  in  Bozeman,  from  Oregon,  Oeorgia  and 
California  the  present  season,  and  if  these  growers  found  it  profitable 
to  ship  from  1500  to  2500  miles  the  Montana  grower  can  certainly  ven- 
ture a  shipment  to  the  twin  cities  jooo  miles  to  the  eastward. 

After  being  accustomed  to  the  strav/berry,  consumers  are  loath  to 
give  it  up  and  under  irrigation  and  freedom  from  frosts,  upon  the  fer- 
tile, justly  adapted  soils  to  berry  growth,  there  can  be  a  no  more  prof- 
itable undertaking  by  the  faithful  planter  and  cultivator  than  straw- 
berries for  market. 

We  at  least  owe  it  to  ourselves  to  produce  this  most  delightful  o; 
all  fruits  in  such  abundance  that  every  family  within  the  state  may  en 
joy  them  to  the  fullest  measure  during  their  season. 
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Date  of  Dale  of            Yield  per  Plant  Age  of 

Variety           Fli-st  Bloom.  First  Fruit.  Ounces.  Bed  Yrs. 

Jessie June  17  July  10  2i  1 

Klickitat June  13  July  10  7  ^ 

KiuKsworth June  22  July  20  i  1 

Lehigh June  18  July  10  2|  1 

Lady  Thompson June  25  July  14  f  1 

Lovett June  17  July  10  5  20-72  2 

Mauwell June  19  July  14  4  15-82  1 

Murray June  10  July  12  11-10  1^ 

Marshal : Juue  19  Julyl2  115  24  1 

Morgan's  Favorite June  19  July  17  2|  1 

MrH.  Cleveland June  19  July  10  11  13-^5  2 

Michigan  B June  21  July  20  1  1-10  1 

Margaret June  21  July  17  2f  1 

Ocean  City Juue  22  July  14  1  17  o2  1 

Ponderosa June  19  July  14  2i  1 

Paris  K'ng June  17  July  10  5  1113  2 

Patrick June  17  July  12  3  3-4«  2 

Robinson June  15  July  10  H  2 

Ruby June  19  July  14  2  1-24  1 

Ridgeway June  24  July  17  8  3-5  1 

Stay  man June  10  July  12  7  2 

Sparta June  17  July  10  li  1 

Staples Juue  10  July  10  2^  1 

Swindle June  17  July  17  5  45  1 

Splendid June  17  July  10  10  2 

Sunnyside June  21  July  17  2  13-48  1 

Sunrise June  19  July  12  3  1-6  1 

Sanders ....June  21  July  20  1  1-6  1 

Satisfaction June  20  July  17  8  16-20  1 

Tennessee  Prolitic June  17  July  10  5  5-6  2 

Srarr June  26  July  20  f  1 

W.M.Beit June  24  July  20  3}  1 

Woolverton June  26  July  20  3  21-24  1 

Warlield June  17  July  10  8  3-5  2 

Tubbs June  19  July  10  10  1 

STRAWBERRIES. 

The  following  are  dates  of  first  bloom  of  fruit  and  yields  per  single 
plant  of  Strawberries  for  1899: 

Date  of  Date  of            Yield  per  Plant  Agp  of 

Variety           First  Bloom.  First  Fruit.        Lbs,       Ounces.    Bed  Yrs. 

Anna  Kennedy June  19  July  12  1|  1 

Bedcrwood Jwne    9  July  10       '  1275-92  1 

Bisel June    9  July  10  14  2 

Barton's  Eclipsie June  16  July  10  8  28-40  2 

Brandvwine June  19  July  19  lOj^  2 

Blonde June  20  July  17  4|  1 

Bismarck June  24  July  17  1|  1 

(Clark's  Sepfllinjr June  26  July  15               2  9|  2 

(Known  locally  as  Hood  River 
Aeedlidg  and  the  great    mar- 
ket berry  of  Hood  River  Coun- 
try, Ore.) 
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Date  of 
Vnriely.  Fim  Ulootn. 

Clark's  Early June  20 

Carrie Jime  18 

Cydnoe June  17 

Orescent June  10 

Clyde June  17 

DrouKhth  King joue  17 

Enhauce June  12 

Kdlth June  lU 

Eyani. June  20 

Enormous. . .,. Juua  '20 

Gardner *. June  17 

Gov.  Hoard June  17 

Gertrude Juue  18 

Giant June  19 

Gniidy  KHIe June  ID 

Hall's  Kavorito June  21 

Ivanhoe June  10 

Jersey  Market Judo  10 


Uftte  or 

Yirld 

per  Plaot        Am 

First  Fruit. 

Uha. 

Ounces.     Bed 

July  13 

S 

July  14 

11              1 

July  10 

210             1 

July  10 

5»              I 

July  13 

July  17 

I  0-20            1 

July  14 

3  184            1 

July  K) 

1  47-79          3 

July  10 

di                I 

July  10 

July  IS 

2  016              1 

July  10 

5                      3 

CI                  1 

hi            a 

July  14 

S.  M 

Emery 

,  Horticulturis 

Report  of  the  Chemist. 

S.  M.  Emery,  Esg. ,  Director  Montana  Exp.  Station,  Bozeman,  Ment. 

Dkar  Sir: — Following  is  a  resume  of  the  work  of  my  dcpartm 
during  the  fiscal  year  just  closed. 

In  all  we  have  made  three  hundred  thirty-three  analyses  more 
less  complete  as  the  occasion  demanded. 

Some  of  this  work  was  in  co-operation  with  other  department! 
at  the  request  of  state  ofEcials  and  included  the  following  material 
fodders,  grain,  flour,  clay,  sandstone,  coal,  iron  ore,  water,  etc. 

The  work  on  sugar  beets  was  continued  with  the  usual  encour 
ing  results.  A  bulletin  has  been  issued  containing  the  analytical  d 
so  far  as  collected,  with  discussions  and  conclusioas.  There  is 
doubt  that  many  sections  in  Montana  offer  strong  inducements  to 
sugar  beet  manufacturers,  for  high  grade  beets,  cheap  fuel,  purewal 
good  limestone  and  ready  transportation  are  all  procurable. 

Our  study  of  alkali  soil  presented  in  Bulletin  No.  i8  shows  X 
whilL-  the  "white  alkali"  is  widespread  in  the  state  that  its  presence 
the  soil  is  in  no  way  inimical  to  agriculture  judiciously  coaduct 
Careless  methods  of  tillage  and  application  of  water  are  sure  to  be  1 
lowed  by  the  "rise  of  alkali"  and  of  the  ground  water  and  consequ 
killing  of  crops. 

A  subject  related  to  the  alkali  soil  question   is  that   bearing  uj 
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the  character  of  water  used  for  watering  stock.  In  alkali  region^  much 
of  th^  water  is  stropgly  impregnated  with  purgative  salts  and  we  are 
endeavoring  to  determine  just  how  much  can  be  tolerated  without  ill 
effects  developing  and,  if  possible,  to  suggest  remedies. 

Analyses  of  waters  used  for  irrigating  in  various  sections  show  that 
not  nearly  so  much  plant  food  is  carried  by  them  as  was  suspected  and 
the  necessity  for  conservation  of  the  plant  food  of  the  soil  is  again 
forced  upon  us. 

The  State  Commissioner  of  Agriculture,  Labor  and  Industry  fur- 
nished funds  for  the  collection  of  samples  of  food  sold  in  the  state  and 
we  have  collected  and  analyzed  a  large  number. 

The  results  of  this  investigation  published  in  the  annual  report  of 
the  Bureau  of  Agriculture,  Labor  and  Industry  were  so  favorably  re- 
ceived that  a  more  complete'  invfestigation  was  planned  for  the  coming 
year,  the  Bureau  to  furnish  thie  funds  for  securing  the  samples  and  the 
Station  Laboratory  to  carry  out  the  analytical  Work. 

Some  preliminary  work  on  poisoridus  plants  has  been   conducted. 

Co-operative  analyses  have  been  made  i6r  the  referees  of  the  As- 
sociation of  Official  Agricultural  Chemists  and  several  articles  on 
chemical  subjects  have  been  presented  to  chemicil  societies  as  contri- 
butions from  the  Station  Laboratory.  Respectfully, 

F.  W.  Traphagen. 


Report  of  the  Assistant  Agriculturist. 


T(f  the  Director: 

Dear  Sir: — As  Assistant  Agriculturist  to  the  Station  I  would  beg  to 
submit  the  following  report  for  the  year  ending  June  30th,  1899: 

My  work,  which  began  on  April  gth,  1898,  was  devoted  almost 
entirely  to  the  supervision  of  field  experiments  and  the  ordinary  opera- 
tions of  the  farm. 

The  field  experimental  work  consisted  of  the  following  tests: 
With  cereals,  sixty-six  varieties  of  spring  wheat,  forty-four  of  oats  and 
twenty  of  barley.  With  legumes,  twelve  varieties  of  common  field 
peas,  four  of  cow  peas  and  one  of  horse  beans.  Twenty-six  grasses 
were  also  started.  Of  potatoes  and  field  roots,  there  were  tried,  sixty- 
four  different  kinds  of  potatoes,  and  several  each  of  sugar  beets,  car- 
rots, mangolds  and  turnips. 
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As  it  had  been  decided  to  give  the  Campbell  Soil  Culture  system  a 
trial,  the  plat  grains  were  handled  by  that  method.  By  means  of  the 
Campbell  system,  grains  are  grown  in  rows  twenty'  inches  apart  and 
are  cultivated  during  the  earlier  stages  of  growth.  In  order  to  accom- 
plish this,  two  implements  especially  designed  for  the  purpose  are 
necessary,  these  are  known,  the  one  as  the  Campbell  combined  drill 
and  cultivator,  and  the  other  as  the  sub-surface  packer.  The  drill 
possesses  a  light  steel  frame  carrying  the  seeder  attachment  and  has 
six  shoes  by  which  the  grain  is  placed  in  the  ground  and  these  being 
twenty  inches  apart  the  machine  covers  a  space  of  ten  feet.  In  order 
to  convert  the  machine  into  a  cultivator  the  seeder-hose  attachment 
and  shoes  are  removed  and  sections  of  cultivators  are  substituted. 
These  are  of  two  kinds,  one  with  round  teeth  for  stirring  the  ground 
and  one  with  wide  spring  steel  teeth  for  tearing  up  weeds.  The  sub- 
surface packer  is  gotten  up  somewhat  on  the  plan  of  the  rciller  with  a 
rotary  motion  but  is  designed  to  do  its  work  rather  underneath  the 
surface  than  on  top.  The  machine  consists  of  a  number  of  cast  wheels 
about  three  feet  in  diameter  placed  side  by  side  upon  a  steel  shaft,  but 
with  a  space  of  six  inches  between  each  at  the  circumferences.  The 
rims  of  the  wheels  are  brought  to  a  point  instead  of  having  a  flat  sur- 
face, like  to  the  wagon  tire.  This  allows  them  to  go  down  into  the 
ground  a  short  distance  and  pack  the  under  surface  rather  than  doing 
all  the  work  on  top.  Large  lumps  on  the  surface  are,  however,  pul- 
verized. 

The  plat  grains  were  sown  on  lauds  prepared  by  and  with  the  im- 
plements just  described.  Each  plat  was  given  an  area  of  one-fortieth 
of  an  acre  and  though  some  difficulties  presented  themselves  in  the 
variation  among  varieties  still  a  given  quantity  of  grain  was  distributed 
as  evenly  as  possible  on  the  areas  given. 

As  soon  as  the  grains  were  sufficiently  large  and  evaporation  began 
to  take  place  rapidly,  the  cultivator  was  applied  and  used  twice  before 
the  time  of  irrigation.  In  applying  the  water  during  irrigation,  its 
tendency  to  follow  the  rows  caused  some  washing  of  the  loosened  earth 
which  was  followed  later  by  baking  and  some  cracking.  We  believe, 
as  a  result  of  this  work,  that  though  this  system  does  not  combine 
well  with  irrigation,  still  it  should  prove  of  great  service  on  arid  lands 
where  water  is  unavailable. 
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The  following  are  the  results  of  the  grain  tests 

SPRING  WHEAT  1898. 


No. 

1. 

2. 

3. 

4. 

5. 

6. 

^. 

8. 

9. 
10. 
11. 
155. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 
82. 
88. 
84. 
85. 
86. 
87. 
88. 
89. 
40. 
41. 
42, 
48. 
44. 
45. 
46. 
47. 
48. 
49. 


Name. 


Period  of  Growth. 
Days. 


Glyndon773 188 

Wellroan'8  Fife 180 

Glyndon  69; 180 

Glyndon  750 188 

California  While 188 

Wild  Goose 180 

PriDgles*  Ohamplou 130 

White  Chaff 124 

Gyndon  118 138 

Ladofl^ 125 

Glyndon  758 138 

Junket 127 

White  RusBJaii  Square  Head 130 

Summer  Cob 136 

Glyndon  748 183 

Gneiss ISi 

Glyndon  774 130 

Ouyx 136 

Blue  Stem 133 

Glyndon  650 130 

Glyndon  852 133 

Deilz  Red 133 

Glyndon  708., 138 

ChmaTea 127 

Glyndon  715 133 

Glyndon  963 133 

Club 130 

An(][er8'  Canadian 134 

Chili 129 

Gypsum 134 

Opal 136 

Snskatchewan  Fife 133 

Blount's  Hybrid    127 

Glyndon  692 j33 

Glyndon  761 133 

Bedfortl  Hungarian 130 

S.  D.  774 133 

Glyndon  135 133 

Nox673 130 

Snow  Ball 127 

Sntherlin 183 

Power's  Fife 138 

Bordeau 184 

Glyndon  676 134 

Bolton's  blue  Slem 134 

McKlssock's  Fife 127 

Silver  Fife 127 

Gold  Drop 127 

Kubanka 130 


Weip^ht  Per  Meas- 
Yield.  Bushel. 

Bushels.     Lbs.  Ozs. 


88.86 

88.88 

88.5 

88.16 

88. 

87.88 

37.66 

37.5 

87.83 

37. 

36.83 

30.83 

35.83 

35.66 

35.60 

35  5 

35.88 

35.16 

34  5 

34.33 

34.16 

33  83 

33.66 

33.66 

33.16 

33.16 

33.16 

33  16 

33. 

33. 

33. 

33. 

32  66 

32.16 

32 

31  66 

31.5 

31.33 

31.33 

31.16 

31.16 

81. 

80.83 

30  83 

30.5 

305 

30  5 

30.38 

30. 


59 

57 

59 

59 

56 

62 

60 

59 

59 

60 

58 

56 

58 

58 

60 

57 

59 

56 

58 

60 

58 

59 

59 

59 

58 

58 

60 

58 

59 

59 

58 

60 

58 

59 

58 

58 

59 

59 

57 

57 

56 

55 

51 

58 

57 

57 

58 

58 

61 


8 
12 
14 
12 

4 

11 

15 

2 

14 
13 
11 


8 
13 

11 
6 
8 
2 
8 

14 


4 

4 

8 
4 

6 

10 

14 

14 

2 

8 

2 

14 

10 

10 

12 

10 

6 
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No 

ai. 

Til. 
53. 

Bart 
VelT 
VinI 
Blou 

Eldo 
A  me 
Nox 
Bad 
Wor 
Hud 
Whi 

Ste 

<il.vn 
Whi 
Blac 

Mo 
1. 

a. 

3. 

4. 
3. 
6. 
7. 
8. 
». 
10. 

n. 

13. 
13. 
14. 
15. 
16. 
17. 
18, 

ID. 
20. 

31. 
33. 

Name. 

'■'rioienia 

Bt  Chaff 

[ifliHvl>rid.'..'.'.\.*.' 

Period  of  Uron 
Days. 

180 

127 

183 

180 

tli.           Yield. 
BuRhels 
39  88 
3B.88 
29.88 
mi6 
28  B3 
■JSM 
28. 
37. 
25.83 
24  88 
24.66 
24  10 
23,10 
28. 
23. 
23.60 
■21.73 

WeiKht  Pe 
uredBu 
Llw. 
00 

58 
M 
00 

50. 

rado 

hysi 

134 

184 

57 
58 

38. 

Kite 

184 

59 

m. 

01. 

oa. 

jarian  Mountain... 

eFifa 

don  818 

126 

184 

134 

57 
53 
5U 

e  Colorado 

k  Bearded  Cenlenui 

Name. 
Poland  White.... 

130 

at 134 

59 
50 

DAT  TESTS- 

-.898. 

Uays  tu           Yield  per  aci 
Mature.                Bushels. 
....12»                        63,84 

,..130 

Archauxel 

Siberian 

....128 
.,..138 

44.29 
43.95 

BaTarlan 

..,.129 

43,5 

Moghedn 

Bland's  While... 

Canadian  White. 
American  Beauty 

Bavarian 

Bonanza 

Early  Everett,... 
Yellnw  Giant.... 
Uderbrncker 

....136 
...120 

40.32 
40.33 

,...132 

87,78 

...138 
. . . , 133 
,..,126 
....120 
.,    .121) 

35.6 

84,87 
84,87 
345 
34.18 

Victoria 

..,.139 

32  66 

Black  Tartarian.. 

American  Banner ViS 

Poland    While  128 

American  Best 126 

Jonette 133 

White  Maine 136 

W  hite  Wonder 126 

White  Danish 12H 

Black  Proline * 138 
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No. 

1. 

2. 

8. 

4. 

5. 

0. 

7. 

8. 

0. 
10. 
11. 
12. 
33. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 


Days  to 
No.  Name.  Mature. 

32.  Chinese  Uuiless 120 

33.  .While  Swede 1>;8 

84.  Heiider8on\s  Clyilejwlale 128 

85.  Kaco    Horse 128 

86.  Scotch 128 

37.  Proiiress 128 

38.  Square  Head 128 

39.  Giant  Yellow 132 

40.  Impel.  American 128 

41.  American  While 126 

42.  While  Schoenen 128 

43.  Prize  Clnsler 126 

44.  Badger  Queen 128 

BARLEYS— 1898. 

Day.s  to  Yield 

Mature.  Per  Acre. 

Name.         *               Days.  BuHheln. 

Smooth  Hulless 112  47.95 

(iny  Male 109  43.85 

Deinorte 119  39, 

Blaok  Hulless 112  36  08 

California  Prolilic 121  34  63 

New  White  Hulless 112  35.84 

Winuipej? 112  33.9 

Hungarian 119  32. 

Nepaul            120  31.75 

Goldenthorpe 119  31.25 

Manhattan 121  30.51 

Manshury 120  28.75 

Italian 119  26.5 

I  mporteit  Cheyenne.   121  24.94 

HiRhlHud  Scotch 120  24.75 

New  Zealand 120  24.75 

Champion 119  24.18 

Six  Rowed 121  23.49 

Black  Hulless 112  22.5 

Chevalier 120  21 .55 

Kimma  Kulla 121  20.48 


Yield  per  acre 

Bushels. 

26.88 

20  88 

26.82 

26.5 

26  82 

• " 

25.79 

25.79 

25  43 

28.61 

22  88 

25.88 

21.72 

19.98 

Weifrht  per 

Bushel 

Lbs. 

Ozs. 

61 

6 

56 

4 

61 

6 

63 

12 

46 

Vi 

64 

62 

57 

12 

56 

51 

6 

45 

14 

45 

12 

47 

46 

47 

4 

44 

8 

48 

14 

41 

6 

60 

2 

46 

12 

45 

Though  the  yields  given  are  not  relatively  large,  still,  the  uniform- 
ity of  the  system  used  gave  accurate  comparative  results.  The  low 
test  per  bushel,  by  weight,  running  throughout  the  list  is  accounted  for 
largely  by  the  washing  followed  by  rapid  evaporation  and  consequent 
hurried  ripening.  The  barleys,  also  had  the  disadvantage  of  having 
been  sown  on  very  shallow  ground. 

The  grasses,  twenty-six  in  number,  did  not  more  than  nicely  make 
a  start  during  the  season.  Owing  to  the  large  amount  of  other  work 
they  were  not  sown  until  June  13th,  thus  losing  the  benefit  of  the  rainy 
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season  and  encountering  the  most  unsuitable  conditions  for  germination. 
Some  started  at  once,  however,  while  others  did  not  come  for  many 
weeks.  Fairly  good  stands  of  each  were  obtained  which  will  yield  re- 
sults in  future.  Among  those  to  start  most  readily  under  the  adverse 
conditions  were  Austrian  Brome,  Native  Rye  and  Orchard  grasses. 

The  potato  and  root  crops  gave  remarkably  good  results  consider- 
ing the  fact  that  the  thres  weeks  of  continuous  rainfall  delayed  their 
planting  until  about  the  end  of  the  first  week  in  June.  Sixty-four  va- 
rieties of  potatoes  were  tested  and  will  be  reported  on  fully  when  notes 
relating  to  quality  can  be  furnished  in  addition  to  those  of  yield.  Sev- 
eral varieties  of  sugar  beets  were  also  grown  and  samples  used  for 
analysis  by  the  chemical  department. 

A  small  area  of  two  or  three  acres  of  rape  was  grown  as  forage  for 
sheep.  While  it  grows  well  under  the  local  conditions,  still,  it  mani- 
fested a  strong  preference  for  rich  loamy  soils,  and  was  susceptible  to 
the  attack  of  the  aphis  where  grown  on  heavy  clays.  While  this  plant 
has  proved  to  be  a  very  useful  forage  plant  in  the  east  we  do  not  be- 
lieve it  can  occupy  the  same  range  of  usefulness  in  Montana,  except  in 
favored  localities. 

During  the  winter  season,  feeding  trials  were  carried  on  with  lambs, 
to  determine  the  relative  values  of  alfalfa,  red  clover  and  alsike  as  fat- 
tening foods.  The  cost  of  production,  with  local  food  supplies,  using 
the  common  stocks  of  the  country  was  also  studied.  This  work  has 
been  reported  in  detail  in  bulletin  No.  21. 

Respectfully  submitted, 

R.  S.  Shaw, 
Asst.  Agriculturist. 


Report  of  the  Zoologist  and  Entomologist. 


To  Director  S.  M,  Emery  : 

Dear  Sir  : — As  Zoologist  and  Entomologist  to  the  Montana  Agri- 
cultural Experiment  Station  I  took  up  my  duties  on  the  20th  of  June, 
1899,  and  have,  therefore,  been  connected  with  the  institution  only  ten 
days.  This  time  has  been  spent  in  collecting,  labeling  and  mounting 
insects  in  Bozcman  and  vicinity  and  in  preparing  plans  and  specifica- 
tions for  office  and  laboratory  furniture,  including  a  case  to  contain  an 
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insect  collection.     Orders  for  necessary  supplies  and   apparatus  have 
been  sent  in« 

A  preliminary  study  of  the  conditions  in  Montana  as  regards  in- 
jurious insects  and  other  animals  has  been  taken  up  for  the  purpose  of 
learning  what  lines  of  work  are  most  needed.  It  is  designed  during  the 
coming  summer  to  visit  as  many  parts  of  the  state  as  possible  and  be- 
gin a  study  of  the  injurious  insects. 

Respectfully,  R.  A.  Coolev, 

Zoologist  and  Entomologist. 


Report  of  the  Botanist. 


BozEMAN,  Montana,  June  30,  1899. 

S.  M,  Etnery^  Director  Montana  Agricultural  Experiment  Station  : 

Dear  Sir  : — I  herewith  submit  my  report  for  the  year  ending  this 
date. 

The  first  work  of  the  year  was  the  arrangement  of  the  new  rooms 
in  the  Station  building  and  fitting  them  up  for  a  herbarium  and  labora- 
tory for  botanical  work.  Realizing  that  future  success  in  botanical 
work  must  depend  primarily  upon  a  large  and  accurately  named  her- 
barium, a  great  part  of  the  year  has  been  devoted  to  the  arrangement 
of  the  various  detached  collections  under  orders  and  genera  convenient 
for  reference  and  to  mounting  and  distributing  the  different  unmounted 
collections  so  that  the  herbarium  now  contains  some  4000  sheets,  being 
especially  full  in  the  grasses. 

Inasmuch  as  the  agricultural  and  horticultural  conditions  of  the 
state  are  dependent  on  the  same  conditions  of  soil,  temperature,  mois- 
ture, exposure  and  altitude,  which  determine  the  different  plant  forma- 
tions of  our  native  flora  and  the  distribution  of  the  various  species,  it  is 
believed  that  the  native  plants  may  be  made  to  serve  as  an  index  to 
indicate  the  suitability  of  a  given  region  for  particular  crops  or  fruits 
by  the  ecological  grouping  of  the  flora  according  to  conditions  of  growth 
and  the  correlation  of  these  groups '(plant  formations)  with  known  bio- 
logical zones  of  cultivated  plants  ;  hence  the  study  of  the  various  bio- 
logical zones  of  the  state  with  their  native  and  cultivated  plants  is  of 
prime  importance. 
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It  has  been  necessary  first  to  familiarize  myself  with  the  : 
plants  and  learn  those  useful  or  noxious  in  the  field  and  farm  as  •» 
to  become  acquainted  with  the  various  agricultural  conditions  i 
state.  Numerous  excursions  were  made  in  the  region  about  B02 
and  one  to  the  basin  about  the  West  Fork  of  the  Gallatin  for  th< 
pose  of  collecting  specimens  for  the  herbarium  and  to  study  po 
forage  plants,  tha  forest  trees,  the  weedg  and  parasitic  fungi  1 
region. 

The  efficiency  of  this  department  must  depend,  in  great  part, 
the  ability  to  study  the  economic  and  biological  conditions  i 
various  parts  of  the  state,  and  it  is  hoped  that  means  may  be  pre 
for  this  purpose.  The  work  of  the  department  has  been  g 
hampered  and  its  natural  growth  impeded  by  the  crowded  conditi 
the  rooms  available  for  botanical  work;  more  room  is  absolutely  1 
srtiy  in  the  immediate  future.  Respectfully, 

J,  W.  Blankinship,  Botan 
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Bulletin  No.  35.  -  -  -  April,  1900. 


PARIS  GREEN  AND  LONDON  PURPLE 

IN  MONTANA. 


F.    W.   TRAPHAGKN. 


It  affords  us  great  pleasure  to  be  able  to  announce  that  the 
various  brands  of  Paris  green  on  the  Montana  market  are,  so  far 
as  our  experience  goes,  of  uniformly  high  grade. 

Reports  have  been  current  that  the  Paris  green  on  sale  in  this 
State  is  of  poor  quality. 

These  reports  probably  owe  their  origin  to  the  circulation  of 
bulletins  from  some  of  our  sister  states,  where  such  conditions 
exist  as  would  justify  predictions  of  the  existence  of  similar  condi- 
tions in  other  states,  particularly  where  there  are  no  legal 
standards  for  the  article,  as  is  the  case  with  us. 

The  sub-joined  table  shows  that  not  only  is  the  arsenious 
oxide  present  in  percentages  much  above  fifty  per  cent,  which  has 
l)ecn  adopted  as  the  minimum  amount  allowable  whenever  the 
matter  has  been  legislated  upon,  but  that  in  addition  the  arsenic 
is  nearly  all  combined  in  insoluble  form  and  hence  will  not  injure 
vegetation  when  applied  in  not  too  great  amount. 
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TABLE  OF  ANALYSIS  OF  PARIS  QREEN  AND 


PARIS 


Serial 
No. 

Dealer 

Manufacturer 

Price  in  Cents 
Per  Pound 

1167 

W.  D.  Story  &  Co., 
Park  City. 

John  Lucas  &  Co.,  New  York, 
Philadelphia,  Chicago. 

35 

1168 

W.  D.  Story  &  Co., 
Park  City. 

Manufacturer  unknown. 

30  (bulk) 

1169 

R.  P.  May, 
Bozeman. 

Acme  Color  Works, 
100  William  St.,  New  York. 

25 

1170 

Roecher  &  Alward, 
Bozeman. 

A.  B.  Ansbacher  &  Co., 
New  York. 

25 

1171 

Osbom  Drug  Co., 
Bozeman. 

P.  W.  Devoe  &  Co., 
New  York. 

25 

1172 

Lee  WaiTen, 
Bozeman. 

C.  T.  Raynolds  &  Co., 
New  York. 

30  (bulk) 
LONDON 

1176 

Lee  Warren, 
Bozeman. 

C.  T.  Raynolds  &  Co., 
New  York. 

40  (bulk) 

1177 

Osborn  Drug  Co., 
Bozeman. 

Manufacturer  unknown 

15  (bulk) 
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LONDON  PURPLE  ON  SALE  IN  THE  MONTANA  MARKET. 


OREEN. 

Per  Cent  Copper        Per  Cent  Total  Ar-        Per  Cent  Combined  Per  Cent  Free 

Oxide  senious  Oxide  Arsenious  Oxide  Arsenious  Oxide 


30.26  57.17  55.93  1.24 


29.98  59.52  r>8.43  1.09 


29.68  60.26  58.97  1.29 


31.08  57.67  56.63  1.14 


31.36  57,42  56.58  0.84 


.30.80  59.40  58..31  1.09 


PURPLE. 


51.43  50.89  0.54 


37.18  34.51  2.67 
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The  largest  amount  of  soluble  arsenious  oxide  found  in  any 
sample  of  Paris  green,  was  one  and  twenty-nine  hundredths  per 
cent,  while  in  samples  reported  from  California  as  much  as  twenty- 
three  and  six-tenths  per  cent  of  soluble  arsenious  oxide  was  found 
in  one  sample. 

Another  sample  showed  six  and  seven-tenths  per  cent. 

There  can  be  no  doubt  that  injury  to  vegetation  would  result 
from  the  use  of  either  of  these  California  samples. 

Paris  green  is  a  definite  chemical  compound,  and  when  pure 
should  contain  fifty-eight  and  sixty -five  hundredths  (  58.65 )  per 
cent  arsenious  oxide,  thirty-one  and  twenty-nine  hundredths 
( 31.29 )  per  cent  copper  oxide  and  ten  and  six  hundredths  (10.06) 
per  cent  of  acetic  acid.  The  samples  of  Paris  green  on  sale,  unless 
intentionally  adulterated,  will  not  show  a  composition  greatly'  at 
variance  with  the  theoretrical  composition  given.  Inasmuch  as 
the  presence  of  free  arsenious  oxide,  in  quantities  above,  perhaps, 
four  per  cent,  is  objectionable,  the  following  simple  tests  quoted 
from  Bulletin  No.  126  of  the  California  Experiment  Station,  are 
given  in  order  that  the  purchaser  may  satisfy  himself  of  the 
purity  of  his  purchase : 

*' Ammonia  test — Paris  green  dissolves  freelj^  and  wholh'  in 
ammonia,  becoming  a  beautiful  blue  liquid ;  while  a  majority  of 
the  substances  formerly  used  in  adulterating  Paris  green  are 
insoluble.  This,  therefore,  is  a  very  ready  means  of  recognizing 
most  of  the  crude  forms  of  adulteration.  If  upon  treatment  with 
ammonia  any  of  the  material  fails  to  dissolve,  the  sample  is  adul- 
terated. This  test,  however,  is  not  conclusive,  since  white  arsenic 
and  a  number  of  other  substances  used  in  adulterating  Paris 
green,  especially  in  these  later  years,  are  soluble  in  ammonia  and 
would  escape  detection  if  this  method  alone  were  depended  on. 
Ammonia  then  affords  valid  grounds  for  rejecting  a  sample  if  any 
portion  of  it  is  insoluble ;  but  other  means  must  be  used  to  be  sure 
of  its  purity,  even  if  apparently  pure  by  this  test. 

"Glass  test — A  very  simple  test,  which  will  enable  one  to  dis- 
tinguish quite  a  good  proportion  of  adulterated  samples  at  once, 
including  many  of  those  not  detectable  with  ammonia,  is  to  take 
a  ver\^  small  portion  of  Paris  green — what  one  could  easih*^  pick 
up  on  the  point  of  a  xienknife — place  this  upon  a  piece  of  glass  at 
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an  angle ;  jarring  the  lower  edge  will  cause  the  little  pile  of  green 
to  move  down  the  inclined  surface,  leaving  behind  it  a  bright 
green  track,  if  the  sample  is  pure;  but  in  the  case  of  many  adulter- 
ated or  impure  samples,  the  track  would  be  white  or  pale  green. 
******  The  glass  test  is  particularly  useful  in 
comparing  a  number  of  samples,  and  after  one  has  acquired  some 
experience  it  becomes  quite  reliable.  It  does  not  enable  one  to 
detect  the  recent  forms  of  arsenic  adulterations,  and,  like  the 
ammonia  test,  should  never  be  considered  as  conclusive  evidence  of 
purity.*' 

London   purple,  on  the  other  hand,  is    a    waste   product  of 
aniline  dye  manufacture  and  has  no  constant  composition. 

On  this  account  one  cannot  be  certain  what  amount  of 
arsenic  he  is  using  at  any  time,  for  the  samples  differ  very  greath'. 
Of  the  two  samples  shown  in  the  table,  one  contains  fourteen  and 
a  quarter  per  cent  more  arsenious  oxide  than  the  other.  Unless 
some  guarantee  of  its  composition  is  given,  it  would  be  much 
better  to  avoid  the  use  of  London  purple,  for  without  such 
knowledge  one  cannot  know,  even  approximately,  the  strength  of 
the  insecticides  he  is  applying. 

Formulas  for  the  application  of  these  insecticides,  will  Ije  found 
in  Bulletin  No.  23  of  this  Station,  on  Insects  Injurious  to  Fruits 
by  R.  A.  Cooley. 

In  conclusion,  we  may  quote  the  following  few  words,  as 
showing  very  fairly  the  conditions  existing  in  Montana : 

**In  general,  it  may  be  said  that  the  results  of  our  work 
indicate  a  very  satisfactor\'Jcondition  as  to  the  purity  of  the  Paris 
green  in  the  market.  They  do|]not  justify  the  widespread  belief 
that  Paris  green  is  extensivelyjand  seriously  adulterated.  In 
ever3'  instance  the  arsenious  oxide  considerabl3'  exceeds  the  legal 
requirements.** 

Bulletin  No.  165,  New  York  Agricultural  Experiment  Station, 
P.  228. 
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POULTRY  RAISING. 


By  H.  C.  GARDINER,  Student  in  Charge. 


The  object  of  this  bulletin  is  principally  to  foster  the  interest  in 
poultry  raising  which  is  gradually  awakening  in  Montana,  by  giving  in 
a  condensed  form  such  information  about  the  industry  as  will  be  of 
practical  value  to  those  who  raise  poultry,  either  for  marketing  or  for 
home  consumption,  and  to  outline  the  work  of  this  department  since  it 
was  instituted  about  a  year  ago,  and  also  to  include  a  description  of 
our  equipment  and  an  outline  of  future  work. 

EQUIPMENT. 

The  equipment  is  as  follows: 

The  main  building,  72  by  14  feet,  erected  November,  1899. 

The  brooder  house,  36  by  14  feet,  erected  April,  1900. 

The  log  house,  45  by  12  feet. 
.    An  incubator  cellar,  incubators,  brooders  and  brood  coops. 

The  main  building  is  designed  for  breeding  purposes,  and  is  divid- 
ed into  six  pens  10  by  12  feet  each,  with  a  four  foot  passage  in  the 
rear.      It  has  a  double  floor  space  giving  an  area  of  2016  square  feet. 

The  brooder  house  is  designed  for  brooding  chicks  in  the  spring 
months,  and  is  utilized  in  the  fall  and  winter  for  experimental  feeding 


^ 


4  THE  MONTANA  EXPERIMENT  STATION. 

pens.  It  is  divided  into  seven  pens,  each  5  by  10  feet,  with  a  four  foot 
passage  in  the  rear. 

The  log  building  is  used  for  experimental  purposes  and  surplus 
stock,  and  is  divided  into  four  pens,  with  a  three  foot  passage  in  the 
rear. 

The  incubator  cellar,  14  by  36  feet,  is  situated  under  the  farm 
house,  and  is  found  to  be  a  very  suitable  room  for  the  puspose,  as  the 
temperature  is  fairly  constant,  and  the  ventilation  good;  outside  changes 
affecting  it  but  slightly. 

We  are  using  two  makes  of  incubators,  two  Cyphers  and  one  Mon- 
arch. All  the  hatching  is  done  with  these  machines,  the  Cyphers  do- 
ing the  better  work  and  requiring  a  minimum  amount  of  care,  owing  to 
the  simplicity  of  regulation. 

The  brooders  are  of  our  own  manufacture,  and  serve  their  purpose 
very  well.  Their  construction  will  be  described  later.  The  brood 
coops,  3  by  4  feet,  are  used  for  the  chicks  after  they  leave  the  brood- 
ers. These  coops  are  movable,  so  that  the  young  birds  may  be  colo- 
nized as  desired. 

BREEDS. 

The  subject  of  breeds  is  really  a  question  of  the  suitability  of  the 
fowl  to  climatic  conditions  and  of  the  demands  of  the  market,  or  of  the 
personal  fancy  of  the  owner. 

Barred  Plymouth  Rocks,  White  Wyandottes  and  Rose  Combed 
Brown  Leghorns  are  the  three  breeds  kept  at  the  Station,  and  in  the 
writer's  opinion,  these  three  classes  possess  to  the  greatest  extent  the 
characteristics  which  should  make  them  the  birds  for  the  farmers  of 
this  State  to  raise. 

The  Plymouth  Rocks  are  good  general  purpose  fowls,  as  they  are 
good  winter  layers  and  possess  all  the  desirable  qualities  of  good  table 
fowls.  They  lay,  it  is  estimated,  under  favorable  conditions,  173  eggs 
a  year,  which  will  average  Syi  eggs  to  the  pound.  Constitutionally 
they  are  hardy,  good  foragers,  and  stand  confinement  fairly  well. 

Standard  weights:  Cock,  gj4  lbs.;  cockerel,  8  lbs.;  hen,  7^  lbs.; 
pullet,  6yi  lbs. 

The  White  Wyandottes  possess  practically  the  same  characteristics 
as  the  Barred  Plymouth  Rocks,  but  are  as  a  rule  about  a  pound  lighter, 
maturing  about  three  weeks   earlier   than   the   Plymouth   Rocks,    this 
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making  them  especially  valuable  as  broiler  birds.  Their  average  egg 
yield  is  a  trifle  below  the  Plymouth  Rock,  but  the  eggs  average  a  trifle 
heavier,  going  about  8  to  the  pound.  Constitutionally  they  are  not  as 
hardy  as  the  Rocks,  and  we  have  found  the  chicks  harder  to  raise  than 
either  Plymouth  Rocks  or  Brown  Leghorns.  They  are  good  foragers, 
but  with  us  do  not  stand  confinement  as  well  as  the  other  breeds. 

Standard  weights:  Cock,  8^  lbs.;  cockerel,  y}4  lbs.;  hen  y}i 
lbs.;  pullet,  5>^  lbs. 

The  Rose  Combed  Brown  Leghorn  is  the  egg  machine,  and  in  our 
estimation  is  one  of  the  very  best  breeds  there  is  for  money  making. 
They  are  vigorous,  hardy,  and  active,  stand  confinement  very  well,  and 
with  us  lay  very  plentifully,  even  in  the  coldest  weather  in  winter. 
They  will,  as  a  rule,  produce  more  eggs  in  a  year  than  the  heavier 
breeds,  averaging  190  eggs  annually^  and  where  eggs  are  sold  by  the 
dozen  as  they  are  here,  numbers  are  most  essential. 

Standard  weights  :  Cock,  5  lbs. ;  hen,  4  lbs. ;  cockerel  and  pullet, 
no  standard. 

INCUBAJION. 

Wherever  poultry  keeping  has  become  a  prominent  feature  in 
farming  operations  it  has  almost  invariably  been  the  rule  that  incuba- 
tors have  heen  introduced.  This  is  essential  since  chicks  can  then  be 
hatched  in  time  for  the  early  broiler  market  and  in  time  for  the  pullets 
to  mature  for  fall  and  winter  laying.  Another  profitable  feature  is  the 
saving  of  attendants'  labor  and  of  the  hen's  time.  Three  hundred  and 
fifty  eggs  are  as  easily  managed  in  an  incubator  as  thirty-five  eggs  un- 
der three  hens. 

In  operating  an  incubator  to  the  best  advantage  it  will  be  found 
that  even  with  the  best  machines  the  most  accurate  regulation  of  heat 
in  the  egg  chamber  is  to  be  had  in  a  room  where  the  temperature  is 
constant  and  the  ventilation  good.  A  cellar  is  about  the  best  place  as 
a  rule,  that  can  be  found.  Good  ventilation  is  essential  since  the  little 
chicks  require  a  considerable  amount  of  oxygen  for  the  vital  functions, 
and  the  lamp  of  the  machine  exhausts  the  supply  in  its  immediate  vi- 
cinity where  the  ventilation  is  imperfect. 

The  following  are  a  few  points  which  are  worth  observing  in  the 
running  of  any  incubator: 

I.     Read  manufacturer's  directions  and  comply  with  them. 
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2.  Set  the  machine  up  level  and  see  that  it  remains  level, 

3.  Do  not  allow  a  draft  in  the  machine. 

4.  Use  good  oil,  and  trim  the  lamps  at  least  once  a  day,  and 
oftener  if  the  oil  is  poor. 

5.  Remove  infertile  eggs  and  dead  germs  on  the  sixth  or  eighth 
day  and  test  again  about  the  fifteenth  day. 

6.  The  second  day  commence  turning  the  eggs  twice  a  day, 
morning  and  evening,  at  regular  intervals,  and  continue  the  turning 
until  the  eighteenth  day. 

7.  Run  the  machine  at  102^  degrees  throughout,  allowing  the 
temperature  to  run  up  just  before  hatching  to  104  or  105  degrees,  if  it 
is  inclined;  not  endeavoring  to  check  the  rise  until  it  gets  beyond  108 
degrees,  its  maximum,  which  temperature  will  not  be  too  high  when 
the  chicks  are  coming  out  rapidly.. 

8.  Under  no  ordinary  circumstances  should  the  machine  be  open- 
ed when  the  chicks  are  hatching.  It  is. of  the  greatest  importance  that 
the  temperature  and  humidity  should  remain  constant  at  this  particular 
time,  and  none  of  the  chicks  should  ever  require  any  assistance  in  leav- 
ing the  shell.  Should  the  machine  be  opened  the  rapid  eyaporation 
causes  a  sudden  cooling  of  the  egg  chamber  aud  also  dries  it  off  so  that 
many  chicks  just  pipped  stick  to  the  shell  and  do  not  hatch. 

When  the  hatching  is  well  over  the  machine  should  be  opened  and 
the  iinhatched  eggs  removed.  It  is  our  practise  to  allow  the  chicks  to 
remain  in  the  machine  for  the  first  twenty- four  hours  at  a  temperature 
of  90  to  94  degrees,  transferring  them  to  the  brooders  about  the  time 
they  should  receive  their  first  feed. 

BROODING  CHICKENS. 

It  is  very  important  that  the  temperature  of  the  brooder  should  be 
constant.  Starting  with  a  temperature  of  90  degrees  F.,  lowering  it  a 
half  degree  a  day  for  the  first  week,  after  that  lowering  it  a  degree  a 
day.  Cleanliness  is  also  of  primary  iniportance,  and  dry  earth  (road 
dust  preferably)  should  be.  dusted  over  the  brooder  bottom.  The  most 
difficult  feature  of  rearing  chicks  in  brooders  is  to  get  them  to  take  ex- 
ercise enotigh.  Last  spring  we  found  that  it  was  very  important  to 
exercise  from  the  very  first  day  if  the  most  vigorous  growth  was  to  be 
secured.  The  easiest  way  to  get  them  exercising  is  to  feed  cirackcd 
wheat,  rolled  oat-meal,  or  granulated  oats  in  a  little  chaff  where  the 
chicks  will  scratch  for  it. 
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In  feeding  brooder  chicks  the  method  of  feeding  is  of  more  impor. 
tance  than  the  kind  of  feed.  Chicks  require  to  be  fed  frequently  and  in 
small  quantities.  It  is  fatal  to  the  vigor  of  a  chick  to  be  overfed,  and 
overfeeding  is  productive  of  loss  of  appetite  and  sickness.  Brooder 
chicks  should  be  fed  five  times  a  day  for  the  first  ten  days,  and  after 
that  f6ur  times  a  day  until  a  month  old,  when  three  times  a  day  is  suf- 
ficient. Their  first  feed  should  consist  of  fine  gravel,  followed  by  stale 
bread-crumbs  and  hard  boiled  eggs,  (infertile  eggs  saved  from  the  mar 
chine).  This  feed  should  serve  for  the  first  few  days,  when  cracked 
wheat,  boiled  vegetables  and  meat,  oat  chop,  bran  and  green  clover  cut 
fine  should  be  given,  and  as  the  chicks  grow  older  whole  wheat  and 
oats  may  take  the  place  of  cracked  grain.  Green  bone  fed  in  small 
quantities  daily  is  also  a  very  good  addition  and  should  always  be  per- 
fectly fresh.  Milk  is  also  a  valuable  addition,  and  for  young  chicks 
should  be  fed  mixed  with  meal,  while  with  the  older  chicks  it  is  best 
used  as  a  drink.  /The  aim  should  be  variety,  and  meat  and  vegetables 
should  be  equally  as  important  as  grain.  Chicks  should  not  be  over- 
fed, nor  receive  food  that  is  sloppy,  sour  or  mouldy.  The  best  results 
will  be  secured  when  they  receive  a  good  variety  of  fresh,  wholesome 
food  at  reasonable  intervals.  With  machine  hatched  chicks  very  little 
loss  occurs  from  vermin,  but  with  hens  it  is  a  very  difficult  matter  to  be 
free  from  this  pest.  The  heads  of  the  young  chicks  should  be  greased 
occasionally  with  carbolated  vaseline,  and  the  bodies  dusted  with  Py- 
rethrum  (Persian  Insect  Powder).  Care  should  also  be  taken  to  dust 
the  mother  hens  with  Pyrethrum  at  the  same  time. 

GENERAL  MANAGEMENT. 

A  comfortable  building  is  very  essential  before  any  considerable 
degree  of  success  may  be  attained  with  fowls,  and  in  order  to  secure 
this  end  the  building  should  be  situated  facing  the  south,  with  plenty 
of  windows  for  the  admission  of  sunlight.  It  must  also  be  dry;  dryness 
is  very  essential,  and  although  warmth  is  desirable,  still  where  ventila- 
tion is  good  and  the  building  dry  and  free  from  draft  the  birds  will  lay 
very  welj  even  in  the  coldest  weather. 

-  It  is  our  aim  here  at  the  Station  in  caring  for  fowls  during  the  win- 
ter to  provide  them  with  a  variety  of  feed  and  plenty  of  exercise  in  se- 
curing it.   .  Our  method  of  feeding  is  as  follows : 
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Morning — A  mash  (warm  preferably)  composed  of  boiled  beef 
scraps,  milk,  vegetables  and  a  little  pepper  and  salt.  This  is  made 
dry  and  crumbly  by  the  addition  of  bran  and  oat- chop  and  is  fed  as 
soon  as  the  birds  arc  off  the  roost.  It  is  very  important  to  feed  but 
very  little  of  this  mash,  for  if  the  birds  eat  their  fill  they  will  stand 
around  and  not  exercise;  on  the  other  hand  if  their  fast  is  just  partly 
broken  they  will  busy  themselves  scratching  in  the  litter.  After  this 
soft  feed  a  little  grain  is  thrown  into  the  straw  and  they  receive  a  man- 
gold or  a  head  of  cabbage.  This  feed  keeps  them  busy  until  noon, 
when  a  little  more  grain  is  thrown  in,  with  some  clover  chaff  and  a  lit- 
tle ground  green  bone  (about  an  ounce  of  bone  apiece).  The  evening 
feed'is'wh61e  grain,  wheat  or  oats,  also  fed  in  the  litter.  Itl  this  way 
we  keep  the  birds  exercising  almost  constantly,  insuring  good  health 
and  freedom  from  the  evil  habits  of  feather  and  egg  eating.  Grit  and 
dust  are  also  supplied,  and  plenty  of  fresh  water.  It  is  a  good  practice 
to  add  a  few  drops  of  kerosene  or  carbolic  acid  to  the  drinking  water 
as  they  are  good  preventatives  against  colds  and  disease. 

CLEANLINESS. 

Freedom  from  vermin  is  only  possible  where  birds  have  free  ac- 
cess to  dust  baths,  and  where  the  quarters  are  kept  clean.  With  con- 
venient arrangements  roosts  may  be  cleaned  with  little  loss  of  time, 
once  or  twice  a  week,  and  the  litter  should  be  removed  and  fresh  put 
in  every  three  weeks.  Filth  and  vermin  promote  disease  and  must  be 
guarded  against.  Whitewash  (use  fresh  lime  in  making  whitewash)  is 
one  of  the  very  best  safeguards  against  these  evils,  and  the  building 
should  receive  a  coat  at  least  twice  a  year.  It  is  best  applied  with  a 
spray  pump,  but  a  brush  and  pail  will  serve  very  well.  Roosts,  nest 
boxes  and  other  fixtures  around  which  lice  arc  apt  to  harbor  should  be 
sprinkled  Qccasionally  with  kerosene,  special  care  being  taken  to  soak 
the  cracks. 

BREEDING  BIRDS. 

In  any  flock,  whether  pure  breed  or  not,  it  is  very  desirable  to  se- 
lect a  number  of  the  best  laying  heus  and  put  them  with  the  best  male 
bird  that  can  be  secured.  In  this  manner  any  flock  can  be  improved, 
since  the  effect  of  selection  will  certainly  be  felt  on  the  progeny.  It  is 
desirable  to  have  the  male  bird  with  the  hens  only  during  the  breeding 
season,  as  it  has  been  found  by   experiment    that    hens   lay    more  eggs 
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without  than  with  the  male,  and  is  also  a  considerable  advantage  to  the 
eggs  since  the  chief  cause  of  bad  eggs  is  the  fact  that  the  germ  has 
started  and  then  decay  sets  in.  Breeding  birds  should  receive  all  the 
freedom  and  exercise  possible,  and  meat  and  vegetables  should  form  a 
large  portion  of  their  diet.  The  vigor  of  the  chick  depends  largely 
upon  the  past  history  of  the  parent  bird,  and  in  order  to  secure  the  re- 
quired vigor  of  the  germ  the  breeding  stock  should  receive  the  best 
treatment  possible.  The  number  of  hens  to  the  cock  is  a  point  in 
which  there  may  be  considerable  variation.  Where  birds  are  enjoying 
their  freedom  one  male  to  from  eighteen  to  twenty-two  hens  is  sufRcient 
in  the  Mediterranean  varieties,  while  in  the  Asiatics  and  Americans  one 
to  twelve  or  sixteen  should  be  ^he  rule.  It  must  be  kept  in  mind, 
jiowever,  that  the  vigor  of  the  male  bird  and  the  conditions  under 
wliich  fowls  are  kept  should  be  carefully  considered,  and  where  birds 
are  closely  confined  the  number  of  hens  to  the  cock  should  be  consid- 
erably diminished,  say  a  dozen  to  eighteen  in  the  lighter  breeds  and 
ten  to  twelve  in  the  heavier  breeds.  We  found  last  spring  that  from 
the  pens  which  produced  the  fewest  eggs  the  percentage  of  fertility  was 
the  greatest,  and  the  percentage  of  dead  germs  the  lowest,  so  that  it  is 
obviously  important  that  the  number  of  hens  to  the  cock  should  be 
studied  carefully  and  the  individual  birds  carefully  selected  with  due 
regard  to  their  vigor. 

ADVANTAGES  OF  PURE  BRED  STOCK. 

It  is  advisable  when  investing  in  the  poultry  business  to  select  the 
best  specimens  obtainable  of  the  breed  which  is  particularly  adapted  to 
the  trade  which  is  to  be  ca^red  to^  and  this  selection  should  be  very 
carefully  made  since  the  future  of  the  business  depends  to  a  consider- 
able extent  upon  this  selection;  There  are,  too,  many  other  advan- 
tages in  getting  one  good  breed  and  sticking  to  it.  The  surplus  cock- 
erels from  such  stock  may  be  disposed  of  for  breeding  purposes  and  at 
prices  ahead  of  market  values.  Surplus  eggs*  too,  may  be  sold  for 
hatching  at  prices  considerably  in  advance  of  eggs  for  table  use. 

We  do  not  wish  to  convey  the  impression  that  average  mongrel 
stock  will  not  respond  fairly  well  to  good  treatment  and  pay  well,  but 
we  wish  to  emphasize  the  fact  that  for  very  little  advance  in  original 
investment  a  breed  of  birds  may  be  secured  which  have  for  generations 
been  selected  because  of  special  fitness  either  as  layers,  meat  produc- 
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ers,  or  both.  And  we  would  state  most  emphatically  that  pure  bred 
stock  is  a  better  money  maker  since  where  one  is  keeping  fowls  with 
some  special  purpose  in  view  a  variety  of  fowl  can  be  selected  which 
unquestionably  is  better  fitted  for  the  work  thaln  any  mongrel  could  be 
expected  to  be. 

BUILDINGS. 

The  choice  of  a  suitable  location  for  the  poultry  house  is  of  con- 
siderable importance.  Since  labor  is  such  an  important  consideration 
in  this  business  a  convenient  location  is  extremely  desirable.  The 
building  should  be  situated  on  light  sandy  ground  with  a  southern  ex- 
posure, and  it  is  very  important  that  the  situation  be  dry  and  the  lay  of 
the  land  such  that  drainage  or  irrigation  of  yards  is  easily  accomplish- 
ed.    Dampness  is  conducive  to  disease    and  should  always  be  avoided.^ 

For  flocks  of  twenty  birds  pens  lo  by  12  feet  are  sufficiently  large, 
and  the  length  of  the  building  should  ipcrease  in  exactly  the  same  ratio 
as  the  number  of  fowls  kept.  For  a  flock  of  fifty  birds  we  would  recom- 
mend a  building  14  by  24  feet,  with  a  central  passage  way  running  from 
front  to  rear.  This  is  a  considerable  saving  of  space  over  a  building 
in  which  the  passage  way  runs  the  whole  length  of  the  rear.  In  larger 
buildings  this  is  not  practicable  knd  the  passage  should  extend  the  full 
length  of  the  house  to  facilitate  feeding,  watering,  cleaning  the  pens 
and  gathering  eggs,  ,.        .    , 

With  regarc}  to  tl?e  direqt  construction  some  foundation  should  be 
used,  not  nece?sai;ily  Jiigh,  bu,t  sufficient  to  protect  the  building.  In 
the  construction  of  th,i$  wall,  stpne  is  to  be  preferred.  When  building 
upon  a  slope  a  few  inches  would  ,  be  sufficient  in  the  rear,  making  the 
front  the  height  required.  The  sills  should  be  bedded  in  mortar  putting 
the  joists  upon  them  two  feet  between  centers.  Next  the  floor  should 
be  laid  on  the  joists,  it  is  best  made  with  rough  lumber,  then  tar-paper, 
and  then  matched  flooring,  this  giving  a  draft  proof  arragement  and 
one  which  is  also  vermin  proof.  Around  the  outside  a  two  by  four  should 
be  spiked  and  upon  this  the  studding  erected  two  feet  apart.  The  walls 
are  best  constructed  with  rough  stuff  on  either  side  of  the  studding, 
then  a  layer  of  tar-paper  on  either  side,  and  the  outside  sheeted  with 
drop  siding,  and  the  inside  with  matched  flooring.  These  walls  form 
dead  air  spaces,  which  add  greatly  to  the  warmth  of  the  building.  The 
building  should  be  ceiled  on  the  inside  with  matched  lumber,  the  ceil- 
ing being  nailed  to  the  collar  beams. 
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The  roof  should  slope  for  the  main  part  toward  the  south,  the  ridge 
coming  four  feet  from  the  back.  In  constructing  the  roof,  the  boards 
should  be  laid  close  together  with  a  layer  of  tar-paper  under  the  shin- 
gles, which  also  adds  greatly  to  the  warmth. 

The  windows  should  be  double  sash  of  nine  lights,  each  pane  10 
10  by  12  inches,  and  they  should  be  firmly  screwed  into  place.  Right 
in  this  connection,  we  would  say  that  it  is  advisable  to  avoid  too  large 
a  surface  of  glass  as  it  presents  a  radiating  surface,  and  should  not  ex- 
ceed the  area  mentioned.  Two  windows  should  be  placed  in  each  pen, 
one  foot  apart  and  sixteen  inches  from  the  floor. 

Log  poultry  houses  are  not  at  all  desirable;  they  form  veritable 
hives  for  lice,  and  many  cracks  and  uneven  surfaces  make  them  difficult 
to  whitewash  properly.  Again,  unless  kept  constantly  chincked  they 
become  very  open,  making  it  difficult  to  keep  them  warm.  On  the  other 
hand  properly  constructed  frame  buildings  are  almost  absolutely 
draught  proof,  while  the  tar-paper  between  the  walls,  and  the  ease 
with  which  they  maybe  whitewashed  makes  them  easily  veimin  proof. 

The  main  poultry  building  at  the  Station  is  72  feet  long  and  14 
feet  wide  with  a  four' foot;  passage  rn  the  rear.  It  is  divided  into  pens 
4  2  feet  long  and  10  feet  wide,  and  is  set  upon  a  foundation  of  stone 
eighteen  inches  wide  and  two  feet  high.  The  slope  of  the  roof  is  for 
the  main  portion  to  the  south,  the  ridge  coming  just  above  the  passage 
way  four  feet  from  the  rear  wall.  This  slope  of  roof  is  of  great  advan- 
tage since  the  sun  rapidly  melts  the  snow  on  the  southern  incline  mak- 
ing it  warmer  and  drier,  while  on  the  other  side  the  slope  is  so  steep 
that  the  snow  does  not  lodge  there. 

The  next  most  important  feature  is  the  double  floor.  The  exit 
from  the  pens  is  through  the  floor  into  the  space  underneath  the  build- 
ing. This  basement  has  a  ground  floor,  and  it  is  two  feet  from  the 
ground  to  the  sills.  In  summer,  this  makes  a  fine,  cool  and  shady 
place  when  doors  shown  in  cut  No.  3  are  down  and  portholes  open,  while 
in  winter  with  the  doors  raised  the  low  sun  enables  the  sunlight  to  ex- 
tend more  than  half  of  the  distance  from  front  to  rear,  making  an  ideal 
place  for  dusting  and  scratching.  This  feature  adds  greatly  to  the  use- 
fulness of  the  building,  since  it  so  materially  increases  the  floor  space 
without  affecting  the  area  of  the  roof.  .^ 
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Figure  i.— POULTRY  HOUSE. 
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The  brooder  house,  36  by  14  feet,  is  divided  iato  seven  pens,  each 
5  by  10  feet,  and  a  passageway  in  the  rear  four  feet  wide.  Doors  two 
feet  wide  enter  each  pen.  Pens  are  divided  by  two  feet  of  matched 
flooring  and  netting  above.  This  building  has  no  basement  but  a  ground 
floor  of  cinders.  The  height  of  the  ridge  is  10  feet,  rear  wall  5^  feet 
to  top  of  studding,  front  wall  the  same.  The  front  wall  is  inclined  in- 
ward, making  the  top  just  two  feet  nearer  the  rear  wall  than  the  bot- 
tom. This  is  with  a  view  to  taking  as  great  advantage  of  the  sunlight 
as  possible. 

Construction  :  Every  five  feet  cedar  posts  were  set  2  feet  6  inches 
in  the  ground  with  about  nine  inches  exposed  above  the  surface  of  the 
ground  for  the  walls.  The  posts  were  squared  on  two  sides  and  2  by 
4*s  fourteen  feet  long  were  nailed  to  each  pair  of  posts  in  the  front  and 
rear  walls,  dividing  the  floor  into  seven  sections.  Then  a  2  by  6  was 
spiked  on  the  top  of  the  posts,  this  constituted  the  sill  of  the  building; 
upon  this  the  studding  was  erected.  The  partitions  of  the  different 
pens  were  erected  along  the  14  foot  2  by  4*5  which  were  spiked  to  the 
posts.  The  building  was  covered  with  rough  lumber,  then  with  a  layer 
of  tar  paper,  and  covered  by  drop  siding.  The  roof  was  sheeted  with 
boards  close  together,  then  tar-paper  undec  the  shingles.  Old  hot-bed 
sashes,  6  by  4  feet,  were  used  as  windows  and  were  placed  directly  in 
the  center  of  each  pen.  Cinders  were  used  as  a  floor  for  the  building 
and  were  tramped  in  when  slightly  moist.  A  board  was  nailed  flrmly 
around  the  outside  to  prevent  fhem  from  falling  out. 

BUILDINGS. 

Figure  i  illustrates  a  model  form  of  poultry  building,  and  is  with 
the  exception  of  some  slight  details  of  the  same  construction  as  our 
main  building.  This  house  is  14  feet  wide,  pens  12  feet  long  with 
walls,  roof,  floor  and  windows  constructed  as  previously  described.  A 
four  foot  passage  way  runs  tnroughout  the  rear.  Access  to  the  pens  is 
through  doors  two  feet  wide,  which  open  inward  against  a  partition  be- 
tween the  pens.  This  partition  is  matched  stuff  for  2  feet  and  then 
wire  netting  up  ty  the  ceiling.  The  arrangements  of  the  roosts  (R], 
the  drop-boards  (D.  B.,)  the  nest  boxes  (N.  B.,)  and  the  feed  board 
are  very  simple.  The  fowls  are  fed  their  soft  feed  through  the  slatted 
front  of  the  pen  upon  the  hinged  feed  door,  which  when  not  in  use  is 
hooked  in  a  perpendicular  position.     These  slats  are  three  inches  apart 
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and  fourteen  inches  high.  Immediately  above  upon  a  platform  20  inch- 
es wide,  the  nest  boxes  are  placed  facing  the  passageway.  Eggs  are 
gathered  from  them  by  opening  the  hinged  door  in  the  passageway 
which  extends  in  front  of  the  platform.  Nests  are  best  made  of  ]^  inch 
lumber  boxes  12x12x14  inches  dimension.  Above  the  nest  boxes  is 
another  platform  22  inches  wide  which  catches  the  droppings  from  the 
roosts.  This  drop  board  (D.  B. )  extends  about  lyi  inches  into  the 
passageway  so  that  in  cleaning  the  edge  a  pail  may  catch  under  it.  The 
roosts  are  placed  6  inches  above  the  drop  boards  and  are  2x3)4  inches 
with  corners  rounded  off  and  the  flat  side  up.  (V. )  Ventilator  is  placed 
in  corner  of  pen  close  to  the  passageway,  and  damper  is  operated  there- 
from. The  exit  through  the  floor  is  surrounded  by  a  box  as  shown. 
This  is  to  prevent  litter  from  falling  tlirough.  The  front  wall  is  inclin- 
ed inward  two  feet  at  the  top  iu  order  to  take  greater  advantage  of  the 
sunlight,  and  building  is  sealed  with  matched  flooring  upon  the  lower 
side  of  the  collar  beam.  Where  it  is  intended  to  keep  only  40  or  50 
birds,  a  saving  of  space  may  be  effected  by  running  the  passageway 
through  the  center  of  the  building  from  front  to  rear,  making  two  pens 
and  arranging  nest  boxes,  etc.,  on  either  side  of  the  passageway  with 
the  door  on  the  north  side  and  the  ventilators  in  either  end. 

VENTILATION. 

Proper  ventilation  is  an  important  factor  in  the  management  of  the 
poultry  house,  and  the  object  should  be  to  remove  the  foul  air  and  re- 
tain the  warmer  and  purer  air  without  causing  a  draft.  Our  method  of 
securing  this  result  is  simply  this  :  An  ordinary  stove-pipe  with  dam- 
per extends  from  a  hood  on  the  roof  to  within  six  inches  of  the-  floor. 
The  lighter  and  warmer  air  near  the  roof  of  the  building  warms  the 
metal  pipe  which  is  a  good  conductor,  which  in  turn  warms  the  air  in- 
side causing  it  to  rise  slowly.  As  a  result  the  air  flows  into  the  pipe 
from  the  opening  near  the  floor,  this  gradually  removes  the  air  in  the 
immediate  vicinity  of  the  fowl.  We  have  found  this  method  an  admir* 
able  one  in  our  practise,  performing  the  work  excellently. 

BROOD  COOPS. 

Where  chicks  are  raised  in  considerable  nnmbers,  either  by  hen  or 
machine,  it  is  very  essential  for  tl^e  best  results  that  they  be  removed 
from  their  mothers  or  foster  mothers  as  soon  as  they  require  no  further 
protection  from  cold  than  shelter,   and   colonized  in  small  flocks  far 
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enough  apart  to  keep  them  from  mixing  with  other  lots,  and  also  far 
enough  apart  to  give  them  a  good  range.  Chicks  are  never  healthier 
than  where  they  can  forage  about,  making  about  half  their  living  on 
the  insects  and  grubs  which  they  find.  In  order  to  afford  chicks  this 
opportunity  for  foraging  coops  which  are  wind  and  rain  proof  and  which 
are  easily  moved  from  place  to  place  are  necessary.  The  best  coop  for 
this  purpose  is  one  we  use  and  here  describe  : 

Bottom  constructed  of  matched  flooring  35  inches  long  laid  on  two 
pieces  of  two  by  four  50  inches  long.     Flooring  should  be  laid  on  edge^ 
of  two  by  four  in  order  to  raise  floor  <from  the  ground.     Floor  should  be 
exactly  four  feet  long  leaving  the  two  by  fours  extending  one  inch  at 
either  end. 

Top  4  feet  2  inches  long,  41  inches  wide,  and  is  best  covered  with 
galvanized  iron  which  is  to  be  had  in  90  inch  lengths,  cutting  with  very 
little  waste,  The  box  part  is  then  made  just  large  enough  to  fit  over 
bottom  and  rest  on  projecting  pieces  of  the  two  by  four,  it  is  two  feet 
nine  inches  in  front  and  two  feet  six  inchefe  behind.  The  ends  of  the 
box  should  be  cut  one  inch  shorter  than  the  sides  to  give  ventilation  in 
the  one  inch  strip  it  leaves  at  the  top.  A  slide  door,  8  by  8  inches, 
made  of  the  scraps  of  galvanized  iron  should  be  cut  in  front  in  the  cen- 
ter. Two  windows,  9  by  10  inches,  should  be  cut  in  either  end  two  feet 
from  the  bottom  and  six  inches  from  the  front,  the  holes  should  be 
covered  on  the  inside  with  wire  gauze.  Rabbeted  strips  should  then 
be  nailed  on  the  outside,  and  lights  10  by  12  inches  used  as  windows. 
This  is  an  ideal  coop  for  convenience.  It  can  very  readily  be  loaded 
upon  a  wheelbarrow  and  moved  as  often  as  desired.  It  is  also  very 
convenient  for  cleaning,  since  when  the  top  is  lifted  off  the  bottom  and 
the  bottom  tipped  up  when  the  coop  is  cleaned.  No  roosts  should  be 
used,  plenty  of  dry  earth  on  the  bottom  will  keep  the  birds  clean  and 
the  crooked  breast  bones  will  be  avoided.  A  coop  such  as  described 
should  accommodate  from  twenty-five  to  thirty  chicks. 

BROODERS. 

The  brooder  in  use  at  the  Station  owes  its  design  to  James  Ran- 
kin, South  Easton,  Massachusetts,  and  is  undoubtedly  one  of  the  cheap- 
est and  most  servicable  indoor  machines  extant.  Its  construction  is  as 
follows  :  A  box  is  made  three  feet  square  and  of  four  pieces  of  eight 
inch  lumber  surfaced.     Upon  the  top  of  this  box,  for  a  cover,  is  nailed 
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Figure  2.— BROODER. 

a  piece  of  zinc  entirely  covering  the  box.  This  zinc  has  a  ho.e  in  the 
center  over  which  is  soldered  a.  pipe  ij^  inches  in  diameter  and  22 
inches  long.  This  pipe  is  soldered  on  the  outside,  the  metal  being  the 
top  of  the  box.  Next  comes  the  floor  over  this  zinc,  but  not  touching  it 
because  an  inch  strip,  1  by  i,  should  be  nailed  on  around  the  outside 
in  order  to  make  an  air  space  between  the  floor  and  zinc.  This  strip 
should  be  broken;  midway  on  either  side  an  inch  opening  should  be 
left  for  the  admission  of  outside  air  t«  the  space  underneath  the  floor. 
The  floor  should  be  made  of  "ceiling"  smooth  surface  up.  Exactly  in 
the  center  of  this  floor  a  hole  should  be  cut  2^  inches  in  diameter  and 
in  this  hole  a  pipe  2^  inches  in  diameter  and  3  inches  long  fastened. 
This  pipe  should  just  extend  through  the  floor  level  with  the  underside 
of  the  bottom.  Through  this  pipe  the  long  ventilating  pipe  wiil  go. 
This  completes  the  body  part  of  the  brooder  and  a  hover  and  top 
complete  the  requirements.  The  hover  should  be  made  in  the  form  of 
a  circle  two  feet  in  diameter,  in  the  center  a  hole  large  enough  to  al- 
low the  vent  pipe  to  pass  should  be  cut,  and  four  legs  three  inches 
long  tacked  on  to  raise  it  to  the  required  height;  then  tack  a  light 
fringe  of  jute  sacking  around  the  edge  only.  This  is  the  hover  com- 
plete. Next  is  the  top.  Make  another  box  similar  to  bottom,  using 
four  pieces  of  six  inch  lumber  dressed.  Upon  opposite  sides  apiece 
cut  with  a  double  pitch  3  feet  long  and  i  foot  high  in  center  should 
be  nailed  to  form  the  ends  and  the  apex  and  joined  with  a  piece  54 
inches  long  and  3J4  inches  wide  cut  with  bevel  to  allow  the  screen 
doors,  which  should  constitute  the  two  sides  of  the  roof,  to  fit 
snugly.     This  box  portion  should  have  a  little  door  cut  in  it  and  an  in- 
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cline  made  for  chicks  to  run  in  and  out  of  the  brooder.  The  working 
of  this  brooder  is' extremely  simple;  a  brooder  stove  is  placed  under 
the  box  and  it  heats  the  metal  cover;  this  in  turn  heats  the  air  in 
the  space  between  it  and  the  floor.  This  air  on  being  warmed  rises 
upward  through  the  2)4  inch  pipe  and  flows  out  over  the  chicks  that 
are  underneath  the  hover.  Since  this  air  comes  through  the  holes 
between  the  i  by  i  inch  strips  and  does  not  come  in  contact  with  the 
lamp,  a  pure  and  constant  supply  of  air  is  insured,  giving  almost  per- 
fect ventilation  in  addition.  These  brooders  serve  the  purpose  very 
well  where  only  a  limited  ^number  6t  chicks  is  to  be  raised,  but 
where  the  business  is  to  be  conducted  upon  a  larger  scale  either  coal 
or  wood  heaters  with  pipe  system  is  best. 

INCUBATOR  OILS. 

One  of  the  main  causes  of  trouble  with  the  lamp  in  incubator  and 
brooder  management  is  the  poor  oil.  As  a  rule  this  may  be  overcome 
by  cleaning  the  wick  every  day  and  keeping  the  burner  cool  by  having 
the  point  of  connection  between  burner  and  oil  tank  submerged  in 
water.  It  is,  however,  of  much  greater  advantage  to  use  an  oil  which 
has  been  carefully  distilled,  and  which  does  not  contain  these  heavier 
oils  which  pass  over  only  when,  in  the  process  oi  manufacture,  the  oil 
is  heated  beyond  the  temperature  necessary  to  distil  off  the  kerosene. 
Another  difficulty  is  the  low  flashing  point  of  many  of  the  oils  in  use 
here,  all  of  them  below  the  standard.  The  flashing  point  of  an  oil  is 
the  point  at  which  the  temperature  is  sufficiently  high  to  cause  it  to 
flash  on  the  surface  when  a  lighted  splinter  is  applied.  This  marks  the 
danger  point,  and  since  the  tendency  of  any  lamp  which  is  kept 
constantly  burning  is  to  become  heated  around  the  burner  the  danger 
of  heating  the  oil  to  its  vaporizing  point  is  considerable. 

The  oils  sold  in  this  state  are  notoriously  inferior,  none 
we  have  examined  had  a  flashing  point  higher  than  105  degrees  F., 
and  the  cause  of  this  is  that  the  ligiiter  oils,  the  napthas.  etc.,  are  con- 
tained as  iinpurities  in  the  kerosene.  The  trouble  of  smokiness,  too 
and  clogging  of  the  wick  results  from  presence  of  lubricating  oils  and 
parrafines  which  have  been  distilled  over  with  the  kerosene.  With 
a  view  of  determining  which  is  the  best  oil  for  incubator  purposes  the 
writer,  under  the  direction  of  Dr.  Traphagen,    tested  the  different  oils 
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on  sale  in  Montana.  None  of  them  came  up  to  the  standard,  and  some 
were  event  dangerous  to  use  owing  to  their  extremely  low  flashing  point. 
The  results  of  these  are  given  in  the  following  table  : 

FlashiD^  point.  Burning  point. 

Elaine  oil 104 186.8 

Bulk  Oil  No.  1 100 136.0 

Bulk  Oil  No.  2 100 136.0 

Continental  Safety 100 129.00 

From  this  table  it  is  shown  thaf  the  brand  **Elaine,''  although  be- 
low the  standard,  comes  nearest  the  mark,  having  the  highest  flashing 
point.  It  is,  however,  very  free  from  the  heavier  oils  and  does  not  gum 
or  crust  the  wick  to  any  perceptible  degree.  The  common  "Bulk/  oil 
is  absolutely  dangerous  and  its  sale  is  certainly  a  menace  to  public 
safety. 

PRESERVING  EGGS. 

With  a  view  of  testing  the  relative  value  of  lime  and  salt  mixtures 
and  water-glass  as  egg-preservatives,  we  pickled  about  6o  dozen  eggs 
in  two  lots.     The  mixtures  were  : 

No.  I  —  Lime,  fresh,  ^yi  lbs.,  salt  ^^  lbs.,  water  8  gallons. 

No.  2 — Waterglass,  i  part  water-glass  to  i8  parts  water. 

These  eggs  remained  in  the  solutions  for  about  six  months.  When 
examined  the  water-glass  was  found  to  be  the  best  pickle,  although  the 
lime  and  salt  served  its  purpose  very  well;  still  the  whites  of  the  eggs 
preserved  in  this  mixture  were  much  more  watery  thun  the  whites  of 
those  preserved  in  the  water-glass.  These  were  difficult  to  distinguish 
from  fresh  eggs  since  the  white  was  quite  firm  and  yolk  stood  up  upon 
it  just  as  though  fresh.  Another  advantage  in  the  water-glass  is  that 
it  does  not  seem  to  affect  the  shell  of  the  egg  as  the  lime  mixture. 
Eggs  from  the  lime  and  salt  mixture  being  much  more  liable  to  crack, 
either  in  cooking  or  handling.  We  consider  this  matter  of  preserving 
eggs  of  great  importance  in  this  state  since  prices  are  so  high  for  eggs 
in  the  winter  season.  We  do  not  for  a  moment  advise  the  selling  of 
preserved  eggs  for  fresh  laid,  but  we  have  no  hesitancy  in  saying  that 
when  the  market  finds  that  these  preserved  eggs  seem  almost  as  good 
as  the  fresh  eggs,  it  will  certainly  be  willing  to  pay  a  price  which  will 
leave  a  good  cash  margin  in  favor  of  pickling.  Water-glass  or  sodium 
silicate  is  a  liquid  of  rather  a  smooth,  slippery  consistency,  readily  sol- 


Bulletin  26.  POULTRY  RAISING.  19 


uble.in  water.  It  may  be  obtained  through  any  druggist  at  a  cost  of 
about  75  cents  a  gallon.  In  using  it  we  would  advise  the  use  of  stone 
jars  or  crocks.  The  water  used  should  be  quite  pure  and  if  not  it  must 
be  boiled.  Jar  should  be  covered  to  exclude  any  dirt,  and  kept  at  the 
temperature  of  a  cool  cellar.  Sometimes  the  specific  gravity  of  the  so- 
lution is  greater  than  that  of  the  eggs,  in  which  case  the  tendency 
will  be  for  them  to  float,  when  they  may  be  forced  down  by  a  plate  or 
similar  arrangement  with  a  weight  on  top. 

EXPERIMENTAL  WORK. 

In  March,  April  and  May,  1900,  we  fed  four  pens  of  fowls,  16  in 
each,  15  hens  and  i  cock,  upon  four  difierent  rations  with  a  view  of 
determining  what  effect  a  variety  ration,  (meat,  vegetables  and  grain), 
a  meat  ration,  (meat,  meal  and  grain),  a  vegetable  ration,  (vegetables, 
meal  and  grain),  and  a  straight  grain  ration  had  upon 

(i)     Egg  production. 

(2)  The  percentage  of  fertile  eggs  and  dead  germs. 

(3)  Value  of  eggs  estimated  upon  protein  and  fat. 

CONDITIONS  OF  EXPERIMENT. 

The  fowls  were  housed  in  a  log  building  in  pens  9  by  10  feet    with 

yards  10  by  16  feet.     The  yards  were  very  small  as  the  ground  in  front 

of  the  building  was  being  graded.     The  fowls  obtained   no  vegetable 

food  whatever  from  the  yards,  as   they   were   covered    with   chaff  and 

straw.     Grit,  burnt  bone  and  dust  baths  were  supplied  the  fowls  alike, 

as  was  plenty  of  fresh  water.     The   birds   all  remained    quite   healthy 

throughout  the  duration  of  the  experiment,  two  months  and  a  half,   no 

loss  or  any  disease  occurring.     Each  pen  contained  11  hens  two  years 

old  and  four  pullets  and  one  cock.     The  male  birds  were  all    vigorous 

yearling  Plymouth   Rock    and   well   developed,    so   that    a  maximum 

mount  of  service  could  be   expected    from   each    of  them.     The  hens 

/ere  about  one-half  scrub  stock,  Cochin,  Game,    Leghorn,   and    Rock 

.longrels,  and  the  remainder  pure  breed  Plymouth  hens.     They  were 

IS  evenly  divided  in  respect  to  variety  as  possible.     Feeding  was  done 

:hree  times  a  day,  about  7  a.  m.,  again  at  11:30  a.   m.   and  from   4  to 

:30  p.  m.     In  each  pen  the  floor  was  covered  with  litter  and  the  grain 

sd  therein,  so  that,  though  closely  confined,  all  had  plenty  of  exercise. 
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RATIONS. 

Pen  No.  I  received  in  the  morning  12  ounce  feed,  ^  bran,  }^  oat 
chop,  ^  meat,  }(  vegetable,  then  a  mangold  was  given,  and  at  noon 
clover  with-a  little  meat  or  ground  green  bone.  Evening  feed  was 
grain  (wheat  or  oats). 

Pen  No.  2  received  in  the  morning  12  ounce  feed,  }(  bran,  y^ 
chop,  }4  meat,  later  some  grain,  and  at  noon  a  little  meat  or  bone. 
Evening  feed  was  grain  (wheat  or  oats). 

Pen  No.  3  received  in  the  morning  12  ounce  feed,  }(  bran,  }{ 
chop,  j4  vegetable*  then  mangold  and  a  little  grain,  and  at  noon  clov- 
er and  roots,  and  in  evening  grain  (wheat  or  oats). 

Pen  No.  4  received  in  the  morning  12  ounce  feed,  of  chop,  ^  bran 
j4  oats  mixed  with  water. 

COST  OF  DIFFERENT  RATIONS  : 

Pen  No.  I — Cost  of  bran,  oat  chop,  meat  and  bone,  vegetable, grain, 

^1.97- 

Pen  No.  2 — Cost  of  bran,  oat  chop,  meat  and  bone,  grain,  $2.03. 

Pen  No.  3 — Cost  of  bran,  oat  chop,  vegetable,  grain,  $1.79. 

Pen  No.  4 — Cost  of  bran,  oat  chop,  grain.  Si. 95. 

It  was  the  endeavor  in  composing  these  different  rations  to  show 
the  advantage  of  a  variety,  and  the  variety  of  feeds  used  was  such  as 
could  be  .made  use  of  generally. 

In  the  second  ration  we  endeavored*  to  show  the  value  of  a  succu- 
lent vegetable  feed  by  eliminating  it. 

In  the  third  the  value  of  meat  and  bone  was  demonstrated  in  the 
same  manner. 

In  the  fourth  we  endeavor  to  show  the  fallacy  of  feeding,  as  many 

do,  a  straight  grain  ration.     And  in  the  results  it  was  shown,  from  egg 

production,  that  the  greatest  egg  yield  was  received  from  the  first,   the 

variety  ration,  while  the  smallest  returns  came  from  the  hens  fed  upon 

the  grain  alone.     The  advantage  here  must  be  very  apparent,  since  the 

cost  of  both  rations  was  almost  the  same.     The  following    table  shows 
briefly  and  concisely  the  egg  yield  from  the  different  pens,    the  weigh 
of  eggs,  and  their  market  value  : 


en. 

No.  Laid. 

Weight. 

Cost 

Value. 

Gain. 

I 

431 

45-8    oz. 

$1.97 

$8.98 

I7.14 

2 

407 

44-4    oz. 

2.03 

8.48 

6.58 

3 

366 

39-11  oz. 

1.79 

7.62 

5-94 

4 

342 

36-6    oz. 

1-95 

7.12 

5.29 
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In  computing  the  cost  of  feed  in  this  experiment  the  following  val- 
ues were  used  : 

Per  cwt. 

Oat  chop     $  .96 

Bran ,     .70 

Oats. ._ 90 

Wheat  (frosted) 40 

Mangolds 75 

Clover 30 

Potatoes 50 

Beef  and  Bone i.oo 

The  eggs  were  valued  at  25c  a  dozen. 

The  financial  results  of  this  experiment  are  excellent.  It  has  been 
shown  that  even  where  fed  upon  grain  alone  and  closely' confined,  con- 
siderable gain  was  made,  while  the  pen  receiving  the  greatest  variety 
of  feed,  costing  about  the  same,  a  further  gain  of  $1.84  was  made. 
The  total  returns  from  pen  No.  i,  deducting  the  cost  pf  feed,  being 
$7.13  and  from  pen  No.  4  being  $5.29.  In  the  meat-  and  vegetable-fed 
pens  the  one  receiving  the  meat  and  bone,  though  the  more  expensive 
ration,  was  still  the  more  profitable,  yielding  a  profit  of  64  cents  over 
pen  No.  3,  the  total  profits  from  the  four  pens  of  60  birds  being  $24.94 
or  4i^c  per  bird  for  period  of  experiment — 2J^  months. 

FERTILITY. 

The  influence  of  feed  upon  the  percentage  of  fertile  eggs  and  upon 
the  vitality  of  the  chick  has  been  discussed  to  some  considerable  ex- 
tent in  the  past  three  or  four  years,  and  it  was  with  a  view  to  finding 
just  how  much  effect  different  rations  had  upon  the  fertility  and  the 
percentage  of  dead  germs  that  we  tested  all  the  eggs  laid  in  this  ex- 
pferinient.  We  would  have  preferred  to  have  carried  the  work  further, 
ii:K:ubating  the  eggs  to  the  hatching  stage,  also  raising  the  chicks,  but 
our  facilities  would  not  permit  running  the  eggs  longer  than  eight  daya^ 

We  found  that  the  percentage  of  fertile  eggs  was  the  largest  froi. 
pen  No.  4,  the  pen  in  which  the  fewest  eggs  were  laid,    and  this   rati* 
continued  throughout  the  four  pens,  the  relation  of   the  percentage  c 
fertile  eggs  to  the  number  laid,  was  an  inverse  ratio  as  the  next  larger 
percentage  of  fertile  eggs  was  found  in  pen  No,  3,  the   next  in  No.   : 
and  the  lowest  in  No.  1. 
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Now  in  the  opinion  of  the  writer  this  result  should  not  deter  any 
one  from  feeding  breeding  birds  on  a  variety  of  feed.  Although  the 
percentage  of  fertile  eggs  is  greatest  in  the  pen  receiving  the  grain 
feed,  still  the  actual  number  of  fertile  eggs  received  from  pen  No.  4 
was  but  very  few  more  than  from  pen  No.  i,  pen  No.  i  having  232  and 
pen  No.  4,  239.  It  seems  that  this  can  be  accounted  for  in  this  way 
chiefly  :  Fifteen  hens  laying  the  number  of  eggs  that  pen  No.  4  did, 
just  about  reached  the  cock's  limit  of  successful  fecundation,  and  where 
a  larger  number  of  eggs  was  to  be  fertilized,  the  male  bird  was  unable 
to  meet  the  demand.  I  think,  however,  that  had  eight  or  ten  hens 
been  used  the  effect  of  the  different  rations  upon  the  fertility  could 
have  been  more  correctly  shown,  but  in  the  case  of  our  experiment 
there  were  really  more  eggs  requiring  fertilization  than  the  male  bird 
was  able  to  attend  to,  for  we  find  that  the  number  of  fertile  eggs  from 
the  different  pens  varies  but  slightly,  and  this  variation  might  be  owing 
to  some  difference  in  vigor  of  the  cock. 

The  following  were  the  number  of  fertile  eggs  from  the    different 

pens  : 

No.  1.  No.  2.  No.  3.  No.  4. 

283  229  223  239 

These  results  seem  to  indicate  that  the  matter  of  the  number  of 
hens  to  the  cock  should  be  of  extreme  importance,  since  it  seems  evi- 
dent from  this  experiment  that  about  425  eggs  were  all  the  male  bird 
could  fertilize  in  2^  months,  and  as  a  result  the  conclusion  should  be 
that  the  male  should  receive  a  complement  of  hens  which  would  lay 
from  180  to  190  eggs  a  month. 

But  still  we  do  not  wish  to  make  the  inference  that  were  there 
fewer  hens  the  relations  would  have  been  changed,  for  in  that  case  it 
would  follow  that  had  the  feeding  any  appreciable  effect  upon  the  vi- 
tality of  the  germs,  there  would  be  fewer  dead  germs  in  No.  i  than  in 
Nos.  2,  3  and  4,  in  their  decreasing  ratio,  but  we  found  throughout 
that  these  conditions  were  reversed.  No.  i  having  the  greater  number 
of  dead  germs  while  No.  4  had  the  fewest.  The  following  table  will 
show  the  relative  number  of  dead  germs  in  the  different  pens  : 

No.  1.  No.  2.  No.  3.  No.  4.    ' 

106  93  73  52 

Now  these  results  would  almost  lead  an  observer  to  believe  that  a 
variety  of  feed  is  detrimental  to  the  best  fertilization,    but   we    believe 
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that  this  should  not  be  the  conclusion.  Pen  No.  4,  receiving  a  more 
nitrogenous  ration  than  No.  i,  did  not  consume  very  heavy  rations, 
since  digestion  and  assimilation  were  not  stimulated  by  succulent  veg- 
etable food  or  meat,  and  as  a  result  the  tendency  was  to  firmer  flesh 
and  less  fat  than  in  the  other  pens.  It  is  a  well  known  fact  among  all 
breeders  and  stockmen  that  cattle,  sheep  or  hogs  which  are  overfat  are 
difficult  to  get  with  calf,  lamb,  or  in  pig,  as  the  case  may  be.  We 
might  consider  that  the  more  probable  explanation  is  this:  That  the 
mixed  rations  would  be  muclv-  better  assimilated  than  the  sofe  grain 
ration,  and  as  a  result  we  would  think  it  wise  to  make  it  a  point  to 
keep  the  breeding  birds  upon  a  little  shorter  rations  than  the  laying 
stock,  at  the  same  time  allowing  them  a  variety  of  feed. 

This  problem  deserves  further  careful  investigating  under  some- 
what different  conditions  and  with  fewer  hens  to  the  cock,  that  we  may 
ascertain  with  more  certainty  the  effects  of  the  different  rations  upon 
egg  fertility.  Table  No.  2  graphically  illustrates  the  fertile,  infertile 
and  dead  germs  in  the  different  pens. 

EGG  ANALYSIS. 

The  results  of  the  analyses  of  the  eggs  from  the  difierent  pens  did 
not  show  any  marked  differences  in  the  composition  of  the  eggs.  The 
results,  however,  lead  us  to  believe  that  there  is  considerable  individ- 
uality about  the  eggs  from  the  different  hens,  as  there  is  in  the  milk 
from  different  cows,  and  the  work  has  been  valuable  herein,  that  it  has 
pointed  out  such  facts  as  will  serve  as  guides  in  future  work.  There 
are  however,  some  indications  that  go  to  show  that  the  most  highly 
nitrogenous  rations  tend  toward  a  more  nitrogenous  production,  for  in 
Pen  No.  I,  we  notice  that  the  percentage  is  lower  both  in  yolk  and 
white  than  in  eggs  from  Pen  No.  4,  as  is  here  shown: 

Pen  No.  1.  Pen  No  4. 

Per  cinit  to  Yolk, 2.36  2.43 

P«r  ceut  of  Fat   111  Yulk 81.63  80  40 

It  was  noticed,  however,  throughout,  that  where  fat  ran  high,  the 
nitrogen  ran  low  and  vice  versa.  The  percentage  of  nitrogen  in  dry 
yolk  concur  also  with  these  results  as  do  the  percentage  of  fat  in  dry 
yolks.  Pens  2  and  3,  compare  very  closely  with  No.  4,  the  differences 
in  composition  being  rather  irregular  c*wing  chiefly  to  large  variations 
of  individual  eggs. 
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A  rather  interesting  fact  with  regard  to  the  percentage  of  shell  in 
the  large  and  small  eggs,  is  that  large  eggs  possess  the  greater  per- 
centage  of  white  and  yolk,  while  small  eggs  in  turn  run  almost  .75% 
in  shell.  The  following  table  shows  average  percentage  of  shell,  yolk 
and  white  of  large  and  small  eggs. 

No.  Eggs.      Ave.  Weight.      Per  cent  Shell.      Per  cent  Yolk.       Pefr  cent  White. 

8  57  9lgrr.  10  47gr.  34  57  gr.  54.»2  gr. 

8  41.86  gr.  11.12  Rr.  34.44  i?r.  .54.16  gr. 

There  was,  however,  practically  no  difference  in  the  average  per- 
centage compositions  of  these  large  and  small  eggs,  as  the  following 
table  will  show  : 


NltTogen  in 

To)k 
Percent. 

Large  Eggs 2..W 

SmaUK^gB 2.39 


Kitrogon  in 
l»ry  Yolk 
Per  cent . 

4  K*) 
4  04 


Fat  in 
Yolk 
Percent 

31.4tf 
30.88 


Fat  in 
Dry  Yolk 
Per  cent . 

«?J  47 
«i  56 


Nitrogen  in 

White 
Per  cent. 

1  98 

1  m 


Nitrogen  in 


rogen 
Whit 


Dry  white 
Per  eea\ 

13.78 
13. .58 


The  following  tables  give   the   average  composition    of;  the  eggs 
from  the  analyses  of  samples  made  April  i,  May  i,  May  15,  1900  : 


PEN  No.    I. 


1000 


Nitrogen  Yolk 

Per 

Cent. 


Aprill, 2  44 

May  1 2.18 

MayW 2.47 

Average 2.86 


Nitrogen  Dry 
Yolk 
Per  cent . 

ft  07 
4.ftB 
.5.09 
4.89 


Total  Wt.  of      Fat  in       Fat  In 
Nitrogen  yolk       yolk       Dry  yolk 
Grams .         Per  cent .    Per  cent . 


.S76 
.4.i.'> 


81  54 
.SI  37 
.«  <I0 
.31.63 


64  45 
64.8/ 
na  Si 
6.5.03 


Total  fat 

YuU 
.  Granu. 

4M 
C.89 

4  38 

5  33 


PEN  No.   I. 


1900 


Nitrogen  in 
white. 
Percent. 


Aprill 2  07 

May  1 1  87 

May  12 1  83 

Average 1 .02 


Nitrogen  in     Total  wt      Total  wt       Shell  to 
dr>  white.     Nitrogen  in    Nitrogen  in      Egg. 
Percent    white, grams.  Bgg, grams.  Percent. 

.463  .840  10 


18.39 

18  ii 
18.41 


.408 
.632 


I)  78 


1 1 


10  70 
10.73 


Yolk  to 

Egg 
Per  cent 


White  to 

Per  cent. 
50  05 


SO  62 


58.67 
.54.36 


1000 


Nitrogen  in 
Yolk 
Per  cent. 


Aprill 2.41 

May  1 2.28 

May  15 2.41 

Average    2.86 


Nitrogen  in 
white. 
1900  Per  cent. 

April  I  2.19 

May  1  1  TS 

May  15    l.HO 

Average 1.90 


Nitrogen  in 
Dry  Yolk 
Percent. 

4  88 
4  6:{ 
4  9.1 
4  82 


PEN  No.   2. 

Total  weight  of 

Nitrogen  Yolk 

Grams 

.4c»7 
420 


PEN 


402 

No. 


Fat  iu 
Yolk 
Per  cent , 

.•'2.27 
31.. >l 
:^2.31 
82.04 


Nitrogen  in 
dry  white. 
Percent. 

14.02 

13  OS 

18. IH 

13.41 


Total  wt. 

Nitrogen  in 

white,  Grams. 

..V26 

.'>41 

.461 


Total  wt. 
Nitrogen  in 
Egg,  Grams. 

SM 
.967 
.004 


Fat  in 
Dry  Folk ' 
Percent. 

66.45 
as  23 
65.66 
6.>.11 


Shell  to 

„Egg 

Percent. 

11.58 

11  .S6 

10.89 

11.11 


Tdtid  fat 

Yolk 

Grama. 

5  85 

5  88 
502 
5.41 


Yolk  to 

E^e 

Percent. 
35.»ff  ' 
.ti.Ol 
31.36 
83.31 


1900  Per  cent  White  to  IZtcg* 

April  1 .'>2  73 

May  1 :V>  51 

May  15 58. ;« 

Average 55.62 
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PEN  No.  3. 


1000 


Nitrogen  In 
Yolk 
Per  cent . 


Nitrogen  In       Total  weight  of        Fat  in         Fat  In 
Dry  Yolk         Nitrogen  Yulk  Yolk       Dry  Yolk 

Percent.  Grams.  Percent.    Percent. 


April  1  2  39 

May  1 2.41 

May  16 2.M 

Average :i.43 


4.9S 
4.77 
4.84 
4.H 


.867 
3»5 
.403 
.888 


80  70 
S2.80 

SS24 


PEN.  No.   3. 


IfiOO 


Nitrogen  in 
white 
Percent.* 


April  1 2.11 

May  1 1  1*6 

May  15 ,  1.30 

Average 1.75 


Nitrogen  in 
dry  white. 
Percent. 

18.77 
13.68  V 

10  2.) 

12.53 


Total  wt.  Total  wt. 

Nitrogen  in  Nitrogen  in 

white, Grams.  EggjUrams. 

.6.30  .876 

.517  .»13 

.877  .778 

.474  .8r>3 


08.60 
64.08 
m  68 
64.11 


Shell  to 

Kgg    . 

Per  cent. 

11.79 
10.40 
10  27 
18  85 


Total  rat 
Yolk 
Grdmi». 

5'l5 
5  87 

5  54 

6  85 


Yolk  to 
Egg 

Per  cent 

35.55 
38.00 
81.71 
S3.45 


19)10  Per  cent  white  to  Egg. 

April  I  62.91 

May  1 56.40 

May  15 57  95 

Average 55.75  . 


1900 


Nitrogen  In 
white 
Per  cent. 


April  1 2.33 

MHy  1 2.57 

May  15 2  46 

Average  2.42 


Nitrogen  in 
Dry  Yolk. 
Percent. 

5.28 
5  07 
4.00 
4.09 


1900 


Nitrogen  in 
white 
Percent. 


April  1 2.28 

May  1 2.07 

May  15 1.80 

Average 2.03 


Nitrogen  in 
drv^  white. 
Per  cent. 

13. ')0 
18  W 
13.73 
1.1.64 


PEN    No.  4. 

Total  weight  of 

Nitrogpii  Yolk 

Grams. 

.4.>* 

.481 
.:«9 
.421 

PEN  No.  4. 

Total  wt 
Nitrogen  in 
While,  Grams. 

.579 

670 

.405 

.531 


.Fat  In 
Y'olk. 
Per  cent. 

29  93 
31.27 
30.20 
30.46 


Total  wt . 

Nitrogen  in 

Egg.  Grains. 

10.31 

11  .'SI 

.72.1 

973 


Fat  in 
Dry  Yolk 
Per  cent . 

01.49 
62  8b 
62.24 
62  46 


Shell  to 

Egg 
Percent. 

11.07 
9  57 

10. 8S 

10  4; 


Total  fat 

Yolk. 
Percent. 

5  61 
5.34 
4.11 
0  01 


Ynlk  to 
Egg 
Per  cent . 

.36  54 
81 .95 
38.:i0 
83  98 


1900  Percent  white  to  Egg. 

April  1 58  27 

May  1 5S.46 

May  15 55  80 

Average 55. 8i 

SUMMARY 

The  following  are  a  few  conclusions  based  upon  careful  considera- 
tion of  work  above  detailed: 

(i).     Variety  rations  give  best  results  in  feeding  for  eggs. 

(2).     That  poultry  feeding  is  very  profitable  under  present  mar- 
ket conditions  in  Montana. 

(3).     That  special  care  should  be  given  to  number  of  hens  placed 
with  cock  in  securing  best  results  from  breeding  birds. 

(4).     That  feeding  breeding  birds  should  be  carefully  studied  with 
special  care  not  to  over-feed.    * 

(5).     That  percentage  of  fertility  and  strength  of  germ  depend  to  a 
considerable  extent  upon  conditions  and  feed  of  breeding  birds. 
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STEER   FEEDING. 


Part  L 


The  following  report  contains  the  results  of  experiments, 
relating  to  beef  production,  as  conducted  by  the  Montana  Experi- 
ment Station  during  the  winter  season  of  1900. 

The  objects  sought  were,  viz: 

First. — To  determine  whether  our  farm  products  could  be 
profitably  used  in  finishing  range  steers  for  market. 

Second. — To  determine  to  what  extent  it  would  be  profitable  to 
use  grain  along  with  clover  in  the  fattening  ration. 

Third. — ^To  compare  the  relative  values  of  typical  beef  animals, 
as  meat  producers,  with  those  conforming  to  the  dairy  type. 

These  three  features  were  considered  important,  because  of  the 
fact  that  little  feeding  has  as  yet  been  done  in  Montana,  except  in 
a  few  instances  where  native  hays  have  been  used  to  a  small 
extent.  With  the  ever  increasing  area  of  clover  and  alfalfa,  some 
attention  must  be  given  to  the  most  economic  disposal  of  these. 
The  use  of  grain  for  fattening  beef  cattle  is  also  an  important 
factor.  It  is  generally  supposed  that  good  beef  cannot  be  made 
without  it.  That  it  is  too  costh^  to  lise  in  Montana  and  that 
larger  quantities  are  actually  required  than  are  absolutely  neces- 
sary. Then  the  question  of  quality  in  beef  animals  affects  largely 
the  return  from  food  fed,  and  for  this  reason,  some  which  did  not 
conform  to  the  beef  type  were  used. 
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ANIMALS  USED. 

Sixteen  steers  were  purchased  on  January  9,  1900,  from  Mr. 
V.  C.  Cline,  of  Bozeman.  They  were  a  mixed  lot,  showing  Short- 
horn, Hereford,  Angus,  Jersey  and  Holstein  blood.  In  order  to 
get  comparative  results,  determined  by  the  quality  of  the  animals, 
two  lots  were  selected  as  follows:  Lot  2  consisted  of  six  steers,  of 
good  beef  type,  showing  onl}-  Shorthorn  and  Hereford  blood. 
These  went  on  feed  January  15,  with  an  average  weight  of  1,300 
.pounds.  They  were  blocky,  compact,  smooth,  medium  boned 
animals,  standing  on  fairly  short  legs  and  carrying  a  good  deal  of 
natural  flesh  (not  fat).  Lot  3,  the  opposite  extreme  of  lot  2  iii 
type,  consisted  of  five  steers,  three  of  which  showed  a  mixture  of 
Jersey  and  native  blootl,  and  one  a  mixture  of  Jersey  and  Angus, 
and  the  fifth  showing  strong  Holstein  markings,  but  with  a  large 
blockv  frame,  well  covered  with  flesh.  Four  of  the  steers  in  lot  3 
showed  more  dairy  than  beef  type.  They  were  leggy  and  angular 
at  all  the  points,  chest,  shoulders,  back  and  rumps,  and  were  light 
and  open  in  the  quarter  and  slack  in  heart  girth.  Lots  2  and  3 
were  fed  on  exactly  the  same  foods,  and  in  such  quantity  as  they 
could  use  readily.  Lot  1  consisted  of  five  steers  of  only  medium 
quality,  viz:  those  remaining  after  the  six  best  and  five  poorest 
had  been  picked.  They  were  Shorthorn  and  Angus  grades,  show- 
ing only  a  slight  infusion  of  the  blood  of  these  two  breeds.  While 
lots  2  and  3  were  fed  both  grain  and  barley,  lot  1  received  clover 
hay  only. 

FEEDING. 

These  three  lots  were  fed  in  yards,  with  sheds  for  protection 
from  storm,  consisting  of  poles  covered  with  straw.  Though 
these  structures  presented  an  uncouth  appearance,  they  served  a 
good  purpose,  providing  ample  protection,  and  as  the  results 
show,  the  steers  made  satisfactory  gains  under  these  conditions  of 
freedom,  where  closer  confinement  might  have  been  detrimental  to 
the  progress  of  range  cattle  on  feed.  While  barns  and  sheds  con- 
structed of  lumber  are  desirable  in  many  ways,  still,  where  it  is 
not  possible  to  provide  these,  the  comparatively  inexpensive  straw 
sheds  will  answer  well  for  a  time.  Food,  both  grain  and  hay,  was 
supplied  twice  each  day,  being  weighed  out  in  every  case.     The 
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hay  in  all  three  cases  throughout  the  experiment  consisted  of  first- 
class  clover.  The  barley  given  to  lots  2  and  3  was  ground  and  fed 
morning  and  night.  It  was  noticed  that  some  care  is  necessary  in 
starting  steers  on  ground  barley  that  have  been  unused  to  it.  In 
some  cases  a  liking  for  it  is  not  developed  readily  at  first;  this 
allows  others  to  receive  too  much  and  they  too  become  sickened. 
Cases  of  this  kind  have  occurred  at  the  beginning,  which  proved 
unsatisfactory  throughout.  We  have  found  it  a  good  plan  to 
start  range  steers  on  a  pound  of  meal,  at  each  feed,  well  seasoned 
with  salt,  and  increasing  a  pound  a  day  until  seven  or  eight 
pounds  per  head  per  day  is  reached.  This  plan  was  adopted  in 
the  experiment  with  good  success.  The  steers  all  went  on  feed  in 
good  form. 

FOOD    CONSUMED. 

LfOt  1,  5  steers,  clover  consumed  from  Jan.  16,  to  Mar.  28 12,550  lbs. 

Lot  1,  clover  consumed,  per  head,  per  day 35.3  lbs. 

Lot  2,  6  steers,  clover  consumed  from  Jan.  16  to  Mar.  28 10,862  lbs. 

Lot  2,  6  steers,  barley  consumed  from  Jan.  16,  to  Mar.  28 ; 3,378  lbs. 

Lot  2,  6  steers,  clover  consumed,  per  head,  per  day 25.5  lbs. 

Lot  2, 6  steers,  barley  consumed,  per  head,  per  day 7.9  lbs. 

Lot  3,  5  steers,  clover  consumed  from  Jan.  16,  to  Mar.  28 7,696  lbs. 

Lot  3,  5  steers,  barley  consumed  from  Jan.  16,  to  Mar.  28 3,067  lbs. 

Lot  3,  5  steers,  clover  consumed,  per  head,  per  day. .  .• 21.6  lbs. 

Lot  3,  5  steers,  barley  consumed,  per  head,  per  day 8.6  lbs. 

In  the  data  given  above  it  will  be  noticed  that  the  steers  in  lot 
1  consumed  a  greater  amount  of  food  per  day,  than  the  other  two, 
though  they  were  the  lightest  bunch  of  the  three,  starting  with  an 
average  of  1,162  pounds.  Their  food,  however,  consisted  of  clover 
alone.  The  figures  also  show  that  while  lot  2,  consisting  of  the 
good  grade  of  steers,  consumed  a  total  of  33.4  pounds  of  food  per 
day,  lot  3,  containing  the  poorer  grade,  used  30.2  pounds,  though 
much  lighter  steers.  Lot  2  began  the  experiment  at  an  average 
weight  of  1,300  pounds,  and  lot  3  at  1,196.  Thus,  while  the  food 
consumed  by  lots  2  and  3  was  almost  similar  in  amount,  the  dif- 
ference in  actual  live  weight  and  pounds  of  increase  produced 
forms  a  striking  contrast. 
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QAIN  MADE  DURING  EXPERIMENT. 

No.  Lot.  W't  Jan.  15,         W't  Mar.  28,         Total         Av.  gain         Gain  per 

1900.  1900.  gain.         per  head         head  per 

in  71  days.  day. 

1,  5  steei-s  5,810  lbs.  6,425  lbs.  615  lbs.        123  lbs.  1.73  lbs. 
on  clover. 

2,  6  good         7,800  lbs.  8,890  lbs.  1,090  lbs.     181.6  lbs.  2.55  lbs. 
steers  on 

barley  and 
clover. 

3,  5  poor         5,980  lbs.  6,7251b8.  745  lbs.        149  lbs.  2.1  lbs. 
steers  on 

barley  and       * 
clover. 

As  shown  in  the  table  given  above,  lot  1 ,  receiving  clover  hay 
only,  made  a  total  increase  of  123  pounds  each  in  71  days,  aver- 
aging 1.73  pounds  per  head  per  da}^.  Lot  2,  consisting  of  the 
best  grade  of  steers,  during  the  same  period  made  a  gain  of  181.6 
pounds,  giving  a  daily  increase  of  2.55  pounds;  while  lot  3,  com- 
posed of  the  poor  grade  of  steers,  on  same  feed  as  lot  2,  gave  an 
increase  of  only  149  pounds,  or  a  daily  gain  of  2.1  pounds  per 
day.  These  statistics  indicate  clearly  that  clover  alone  when  fed 
to  steers  will  give  a  reasonably  good  gain,  which  can  be  produced 
also  with  profit,  though  the  quality  of  meat  produced  will  not  be 
equal  to  that  from  the  grain-fed  ones.  We  desire  to  call  attention 
here  to  the  much  greater  gain  made  by  steers  of  the  beef  type,  viz: 
2.55  pounds  per  day  as  compared  with  the  daily  gain  of  2  pounds 
by  those  of  a  poorer  type  on  exactly  the  same  feed. 

COST  OF  FEEDING  71  DAYS. 

Lot  1: 

5  steers  consumed  12,550  tt)s.  clover  @  $6.00  per  ton $37.65 

Total  cost $37.65 

Lot  2: 

6  steers  (beef  type)  consumed  10,862  lbs.  clover  @  $6.00  per  ton $32.58 

6  steers  (beef  type)  consumed  3,378  lbs.  barley  @  60c  per  cwt  20.26 

Total  cost $52.84 

Lot  3: 

5  steers  (poor  style)  consumed  7,696  lbs.  clover  @  $6.00  per  ton $23.08 

5  steers  (poor  style)  consumed  3,067  lbs,  barley  @  60c  per  cwt 18.40 

Total  cost $41.48 
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With  the  cost  of  foods  for  each  lot  and  gains  given  a  compari- 
son of  the  relative  cost  of  production  is  made  as  follows: 

Lot  1,  Total  increase  615  !bs.,  cost  of  food  837.65,  cost  per  cwt,  increase $6.12 

Lot  2,  Total  increase  1,090  lbs.,  cost  of  food  $52.84,  cost  per  cwt.,  increase. . .  4.84 
Lot  3,  Total  increase  745  &)S.,  cost  of  food  $41.48,  cost  per  cwt.,  increase 5.56 

The  best  type  of  steers,  therefore,  not  only  made  the  greatest 
gains,  but  made  them  the  most  cheaply,  producing  100  pounds 
gain  at  a  cost  of  72  cents  less  than  'the  poorer  type  on  exactly  the 
same  food.  The  poorer  type  had  also  the  advantage  of  receiving 
slightly  more  grain  per  head  throughout  the  experiment.  Lot  3 
received  an  average  of  seven-tenths  of  a  pound  more  barley  than 
lot  2.  As  lot  1,  fed  on  clover  only,  were  not  first-class  steers,  we 
consider  the  results  from  them  much  below  what  they  would  have 
been  with  steers  of  the  beef  type. 

RELATIVE  PROFITS  FROM  THE  THREE  LOTS. 

Lot  1: 

Jan.  15, 1900,  To  5  steers,  weight  5,810  lbs.  @  $3.47  per  cwt $201.67 

Mar.  28, 1900,  To  a2,5o0  lbs.  clover  hay  @  $6.00  per  ton 37.65 

Mar.  28, 1900,  By  5  steers,  shrunk  weight  6,120  Bbs.  @  $4.25  per  cwt.  $260.10 

Mar.  28, 1900,  To  net  profit 20.78 

$260.10  $260.10 
Lot  2: 

Jan.  15,  1900,  To  6  steers,  weight  7,800  lbs.  @  3.47  per  cwt $270.66 

Mar.  28, 1900,  To  10,862  lbs.  clover  @  $6.00  per  ton 32.58 

Mar.  28, 1900,  To  3,378  lbs.  barley  @  60  per  cwt 20.26 

Mar.  28, 1900,  By  6  steers,  shrunk  weight  8,405  lbs.  @  4.25  per  cwt.  $357.21 

Mar.  28, 1900,  To  net  profit 33.71 

$357.21   $357.21 
Lot  3: 

Jan.  15,  1900,  To  5  steers,  weight  5,980  lbs.  @  $3.47  per  cwt $207.50 

Mar.  28, 1900,  To  7,696  lbs.  clover  @  $6.00  per  ton 23.08 

Mar.  28, 1900,  To  3,067  lbs.  barley  @  60  per  cwt 18.40 

Mar.  28, 1900,  By  5  steers,  shrunk  weight  6,410  lbs.  C<  $4.25  per  cwt.  $272.42 

Mar  28,  19oO,  To  net  profit  23.44 

$272.42  $272.42 

Lot  3,  Average  net  profit  per  head  at  end  of  7 1  days $4.15 

Lot  2,  Average  net  grofit  per  head  at  end  of  71  days 5.61 

Lot  3,  Average  net  profit  per  head  at  end  of  71  dajrs 4.68 
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These  figures  speak  for  themselves.  While  clover  alone  gave  a 
satisfactory  return,  better  results  were  obtained  where  some  grain 
was  used,  and  the  good  class  of  steers  gave  a  greater  profit  per 
capita  by  93  cents  each,  over  the  poorer  type. 

As  these  steers  were  purchased,  by  the  head,  at  a  cost  of  $42.50, 
the  price  per  cwt.,  $4.37,  was  determined  from  the  total  number 
of  pounds  weight  and  the  total  cost.  This  was  necessary  in  order 
to  fix  a  relative  value  on  each  of  the  three  lots.  At  the  time  of 
disposal  the  selling  price  was  4^  cents  per  pound  live  weight, 
under  certain  conditions  of  shrinkage.  These  conditions  were 
eighteen  hours  away  from  food  and  drink  before  weighing,  and  the 
weights  given  in  the  financial  statement  are  those  designated  as 
shrunk  weights.  These  were  not,  however,  used  in  determining 
the  actual  gain,  which  was  derived  from  weights  taken  at  the  be- 
ginning and  close  oi  experiment  under  precisely  the  same  condi- 
tions. Making  an  average  of  the  three  lots  the  total  shrinkage 
amounted  to  4.9  per  cent,  of  total  weight,  when  on  full  feed. 
While  the  relative  profits  given  show  an  advantage  in  favor  of  lot 
2,  these  would  have  been  even  still  greater  had  each  lot  been  sold 
at  a  figure  corresponding  to  its  quality.  A  valuation  was  made 
by  an  expert  buyer,  from  the  standpoint  of  quality  and  finish. 
While  the  bunch  sold  for  4^/4  cents  per  pound,  lot  1,  finished  on 
clover  alone,  was  valued  at  4H  cents,  lot  2  of  the  beef  style  at  4% 
cents,  and  lot  3  of  the  poor  form  at  4  cents. 

PROPER  TYPE. 

We  regret  that  cuts  cannot  be  furnished  illustrating  the  differ- 
ences in  type  which  have  produced  such  marked  results.  The 
question  is  a  very  important  one  to  the  feeder,  not  only  from  a 
standpoint  of  relative  gains  and  cost  in  production,  but  more  im- 
portant still,  from  a  standpoint  of  quality  in  the  finished  product. 
The  leading  markets  of  today  demand  a  compact,  smooth,  thick- 
fleshed  product.  Animals  possessing  these  requirements  can  only 
be  obtained  from  the  purely  beef  types,  such  as  the  Shorthorn, 
Hereford,  Angus,  fete.  Those  in  our  lots  showing  Shorthorn  and 
Hereford  blood  presented  the  most  correct  t3'pe,  a  very  marked 
contrast  to  those  possessing  Holstein  and  Jersey  blood.  The  best 
results  can  only  be  obtained  from  an  animal  possessed  of  compact 
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form,  as  sho^v^n  in  a  straight,  broad,  even,  well  fleshed  back;  chest 
broad,  deep  and  full;  shoulders  broad  on  top;  heart  girth  good, 
and  crops  full;  hind  quarters  wide,  deep  and  full.  Such  a  form  will 
carry  a  large  quantity  of  flesh  of  good  quality,  while  the  more 
angular  types,  with  narrow  bodies,  sharp  chests,  pointed  withers 
and  open  thighs  carry  much  less  natural  flesh  and  put  on  a  poorer 
quality  of  increase.  The  purely  beef  types  carry  more  natural 
flesh  to  begin  with,  and  on  the  block  show  thick  evenly  fleshed 
carcasses.  The  types  having  an  infusion  of  dairy  blood  showed  a 
larger  percentage  of  waste,  and  the  fat  was  put  on  separately 
rather  than  being  intermixed  with  the  lean.  In  some  cases  also 
the  meat  was  coarser  grained  and  of  poorer  quality. 

CONCLUSIONS. 

1.  That  in  our  Montana  valleys,  where  clover  or  alfalfa  can 
be  grown,  these  crops  can  be  profitably  used  in  the  production  of 
beef  in  a  finished  form.  And  the  quality  of  these  foods  is  such, 
owing  to  favorable  conditions  for  the  curing  and  storing  of  the 
hays,  that  only  a  comparatively  small  amount  of  grain  is  needed 
along  with  them  to  secure  the  best  results. 

2.  That  barley  can  be  profitably  used  in  conjunction  with 
clover  and  alfalfa  under  our  state  conditions.  That  only  small 
quantities  of  grain  are  necessary  to  give  maximum  results.  The 
quantity  need  not  exceed  three-quarters  of  a  pound  of  grain  per 
day  for  each  hundred  pounds  of  live  weight.  Any  excess  above 
this  amount  will  not  give  a  proportionately  greater. gain  and  will 
materially  increase  the  cost  of  production.  The  small  proportion 
of  grain  will  aid  in  giving  an  economic  gain  of  the  most  desirable 
quality. 

3.  THat  in  selecting  steers  to  feed  it  is  essential-  that  only 
those  of  the  beef  type  be  used.  Those  of  the  beef  type  used  made 
a  gain  of  2.55  lbs.  per  head  per  day,  where  the  poor  tpye  made 
only  1.73  lbs.  in  the  same  time,  with  practically  the  same  amount 
of  food.  And  let  it  also  be  remembered  that  the  increase  made 
and  original  weight  of  best  type  was  so  improved  during  feeding 
as  to  be  worth  %  of  a  cent  more  per  pound  live  weight  at  time  of 
sale.  And  in  addition  to  the  question  of  greater  gain  comes  that 
of  cost  of  production  even  more  important.    While  those  of  proper 
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type  produced  100  !bs.  increase  at  a  cost  of  $4.84'per  cwt.,  the 
cost  of  the  same  increase  where  the  Jersey  blood  was  present  was 
raised  to  $5.56  per  cwt.  We  wish  to  impress  this  fact  as  strongly 
as  possible.  Thousands  of  untypical  steers  are  fed  at  a  loss,  at  the 
same  time  making  results  which  deceive  the  eye.  The  average 
feeder  is  not  equipped  so  as  to  know  exactly  what  returns  he  gets 
from  feeding  this  poor  class  of  animals.  We  cannot  say  too  much 
in  denunciation  of  them. 

i.  The  results  obtained  indicate  that  we  need  not  wait  for 
improved  conditions  of  sheds  or  stables,  but  can  obtain  satisfac- 
tory results  from  such  improvised  shelters  as  straw  sheds.  Our 
winter  conditions  are  such  as  to  permit  the  use  of  these  in  the  ab- 
sence of  something  better.  Range  cattle  also,  accustomed  to  a 
limitless  freedom,  will  give  better  results  when  fed  in  dry,  clean 
yards,  with  shelter  in  time  of  storm,  than  when  subjected  to  closer 
confinement. 

5.  In  selecting  steers  to  feed  it  is  urged  that  the  lots  be  chosen 
with  a  view  to  uniformity  in  size,  age  and  type.  Attention  should 
also  be  given  to  numbers,  feeding  even  car  load  lots  in  every  case. 
Then  it  will  be  possible  to  place  prime  finished  beef  on  eastern 
markets  in  the  springtime.  With  our  unsurpassed  conditions  for 
growing  alfalfa  in  many  places,  and  clover  particularly  in  the  Gal- 
latin valley,  cattle  feeding  will  furnish  a  means  whereby  these  pro- 
ducts can  be  disposed  of  to  good  advantage. 
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SHEEP   FEEDING. 


Part  II. 

During  the  season  of  1898-99,  comparative  tests  were  made  to 
determine  the  relative  values  of  alsike,  red  clover  and  alfalfa,  these 
three  being  the  chief  fattening  foods  of  Montana.  These  can  all 
be  grown  in  large  quantities,  though  some  localities  are  more 
favorable  to  one  than  another;  frequently  two  of  them  and  occa- 
sionally all  three  can  be  grown  in  the  same  locality.  In  making 
these  determinations,  data  was  also  secured  relative  to  the  cost  of 
production  of  mutton,  using  the  average  range  lamb. 

In  1899-1900,  tests  w^ere  also  conducted  for  the  purpose  of 
obtaining  information  relative  to  the  advisability  of  using  grains 
along  w^ith  clover  in  preparing  lambs  for  the  market,  and  secondly 
to  compare  the  returns  obtained  from  lambs  of  the  mutton  type 
with  those  bearing  more  of  a  resemblance  to  the  wool  type.  Be- 
cause of  the  high  price  of  grain,  and  especially  oats,  the  impres- 
sion prevails  that  it  is  not  profitable  to  feed  these  along  with  good 
clover  or  alfalfa  hay,  and  where  feeding  is  carried  on  extensively  it 
is  certainly  out  of  the  question.  In  order  to  secure  definite  data 
one  of  the  three  lots  of  lambs  w^as  fattened  on  clover  alone, 
throughout  a  period  of  ninety  days.  Then,  in  order  to  secure  data 
relating  to  the  profitable  use  of  damaged  grains,  a  second  lot  of 
lambs  were  fed  during  the  same  period  on  clover  and  damaged 
wheat.  In  the  third  instance,  clover  and  oats  were  used  under  the 
same  conditions. 

The  conditions  governing  the  test  w^ereas  follows:  Sixty  lambs 
were  used  in  the  experiment.  These  were  Shropshire  grades,  all 
showing  more  or  less  dark  color  on  face  and  legs.  They  were  bred 
by  Mr.  Roy  Martin,  of  Bozeman,  and  were  purchased  from  him 
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by  the  Experiment  Station.  They  had  been  lambed  early,  during 
March  and  April,  and  were  an  exceptionally  good  bunch.  These 
lambs  when  purchased,  averaged  75  pounds  in  weight,  and  were 
bought  for  $3.00  per  head. 

Some  time  before  going  on  experiment  they  were  allowed  to 
range  the  Station  farm,  getting  what  they  could  from  stubble 
fields  and  clover  pastures,  from  which  two  crops  had  already  been 
removed.  During  this  period,  the  lambs  were  not  only  maintained 
on  what  would  have  been  otherwise  wasted,  but  made  a  gain  of 
3%  pounds  each,  raising  the  average  to  78^  pounds.  A  much 
greater  gain  could  have  been  secured  had  these  lambs  been  fed  on 
the  fields  earlier,  as  soon  as  the  crop  had  been  removed,  for  some 
of  the  stubble  on  the  farm  had  already  been  turned  under  and  the 
third  start  of  clover  was  injured  by  hard  frosts.  Some  days  before 
the  experiment  proper  began,  the  lambs  were  divided  and  started 
on  the  basis  of  the  plan  to  be  followed.  The  experiment  proper 
began  on  December  12.  Feeding  was  delayed  to  this  late  date 
because  of  the  fact  that  the  lambs  were  able  to  secure  food  upon 
the  fields  until  late,  and  it  was  the  intention  to  dispose  of  them  on 
a  local  market  instead  of  by  shipping.  Sixty  lambs  in  all  were 
used,  divided  as  evenly  by  weight  and  quality  as  was  possible. 

SURROUNDINGS. 

The  lambs  were  fed  in  open  yards  with  shed  room  for  shelter. 
Food  w^as  supplied  in  racks  such  as  might  be  used  on  any  ordinary 
ranch.  As  water  was  not  accessible  in  the  pens,  the  lambs  were 
turned  out  to  a  little  stream  once  each  day.  We  believe,  fi-om 
observation,  that  much  better  results  can  be  obtained  by  allowing 
free  access  to  water. 

FOODS  USED. 

Medium  red  clover,  of  average  qualitj'-,  was  fed  to  all  three  lots 
alike,  in  such  quantity  as  they  could  consume  without  waste.  The 
vsrheat  fed  to  lot  1,  consisted  of  immature  grain  which  had  been 
frozen  and  afterwards  heated  in  the  bin.  It  was  the  same  as  that 
used  in  swine  test.  The  oats,  throughout  the  whole  period,  con- 
sisted of  a  No.  1  article  with  good  market  value.  Lots  1  and 
3  also  received  a  small  quantity  of  roots  each. 
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FOODS  CONSUMED  BY  EACH  LOT. 

Table  No.  I, 

Dec.  12, 1899  to  Mar.  12. 1900.         Clover  Grain  Roots 

pounds.        pounds.        pounds. 

LotNo.l 3,836        1,684  wheat.         769 

Lot  No.  2 5,738 

Lot  No.  3 3,878         1,684  oats.  769 

In  this  table  it  will  be  noticed  that  lots  1  and  3,  receiving  ex- 
actly the  same  amount  of  grain  and  roots,  consumed  nearly  nine- 
teen hundred- weight  less  clover  than  lot  No.  2  without  any  grain, 

COST  OF  FOODS. 

Table  No.  2.    Lot  No.  1. 

Clover  consumed,  3,836  lbs.  at  $6.00  per  ton $11.50 

Wheat  consumed,  1,684  lbs.  at  40c  per  cwt 6.73 

Roots  consumed,  769  lbs.  at  15c  per  cwt 1.15 


Total  cost $1938 

Lot  No.  2. 
Clover  consumed,  5,738  lbs.  at  $6.00  per  ton $17.21 


Total  cost ^ $17.21 

Lot  No.  3. 

Clover  consumed,  3,878  lbs.  at  $6.00  per  ton $11.63 

Oats  consumed,  1,684  lbs.  at  90c  per  cwt 15.15 

Roots  consumed,  769  lbs.  at  15c  per  cwt 1,15 

Total  cost $27.93 

In  making  a  comparison  of  the  relative  cost  of  the  food  used 
by  the  three  lots,  as  given  in  the  table  No.  2,  a  striking  difference  is 
found  in  comparing  lots  1  and  2  with  3. 

Though  lot  2  did  not  receive  either  grain  or  roots,  they  con- 
sumed 1,902  pounds  more  clover  than  lot  1,  which  nearly  bal- 
anced the  cost  of  grain  received  by  lot  1.  The  total  difference 
being  a  cost  of  $2.17  greater  in  the  case  of  the  former.  The  roots, 
of  course,  account  for  $1.15  of  this  difference.  Had  the  same 
amount  of  roots  been  supplied  to  lot  2,  the  cost  of  production  per 
pound  gain  would  have  been  about  equal  to  lot  1,  the  gain  of  2 
being  increased  and  the  amount  of  clover  per  pound  gain  de- 
creased.   Roots  were  not  used  for  the  reason  that  it  was  desirable 
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to  determine  what  the  clover  alone  would  do.  Lots  1  and  3  pro- 
vide statistics  tor  an  instructive  comparison.  The  amount  of 
clover,  grain  and  roots  being  practical]}^  the  same,  and  yet  the 
food  for  lot  3  cost  $8.55  more  than  for  lot  1,  under  exactly  the 
same  conditions,  except  that  wheat  is  used  in  one  case  and  oats  in 
the  other.  But  while  the  lot  receiving  oats  gave  a  greater  gain, 
this  did  not  counterbalance  the  big  increase  in  cost  caused  b^'  the 
oats,  1,684  pounds  of  wheat  at  40  cents  per  hundredweight,  cost- 
ing $6.75,  while  the  same  amount  of  oats  at  90  cents  per  hundred- 
weight cost  more  than  double  that  amount,  viz:  $15.15.  It  may 
be  said  of  the  roots  that  through  their  influence  the  total  amount 
of  dry  matter  per  pound  gain  was  reduced.  The  769  pounds  of 
turnips  furnished  only  about  60  pounds  dry  matter  in  each  case. 

QAIN5 
Made  by  Each  Lot  of  Twenty  Lambs  During  a  Period  of  Ninety  i>ays. 


Table  No.  3. 

Lot. 

Wt.  of  20, 
Dec.  12, 

1899. 

lbs. 

Av.  wt., 

Dec.  12, 

1899. 

fibs. 

Weight 

Mar.  12, 

1900. 

lbs. 

Av.  wt. 

Mar.  12, 

1900. 

lbs. 

Total 
increase. 

Tbs. 

Av.  total 
gain. 

fibs. 

Gain  per 

head 

per       per 

mo.       day 

lbs.       lbs. 

1. 

1,535 

76.75 

2,136 

106.8 

601 

30.05 

10            .32 

2. 

1,580 

79 

2,066 

103.3 

486 

24.3 

8.1          .27 

3. 

1,565 

78.25 

2,200 

110 

a35 

31.75 

10.58        .35 

The  most  noteworthy  feature  with  regard  to  the  progress 
made  by  the  lambs  in  this  experiment  consisted  in  the  noticeable 
fluctuations  caused  bj'  change  of  climatic  conditions.  From 
December  12,  1899,  to  January  2,  1900,  good  gains  were  made. 
The  weather  was  moderately  cold  and  steady.  From  January  2d 
to  the  30th  unusually  warm  weather  prevailed,  with  showers  or 
snow,  followed  by  bright  warm  days.  During  this  period  the 
gains  were  greath^  reduced.  Then  during  the  remainder  of  the 
feeding  period,  extending  to  March  12,  a  cold  dry  weather  pre- 
vailed, and  the  most  satisfactory  returns  were  obtained.  Not 
only  were  the  returns  from  the  food  consumed  decreased,  but  a 
smaller  amount  was  eaten.  Damp  sogg\'  fleeces  and  warm 
weather  proved  to  be  unsuitable  conditions.  This  was  noticed  in 
a  marked  degree  among  the  steers  in  an  adjacent  feed  lot.     The 
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most  satisfactory  results  were  obtained  with  a  steady,  dry,  cold, 
when  no  thawing  occurred  during  the  day. 

COST  OF  PRODUCTION. 

Cost  ()er  pound  increase,  lot  1  (clover  and  wheat) f3.22 

Cost  per  pound  increase,  lot  2  (clover  only)  3.54 

Cost  per  pound  increase,  lot  3  (clover  and  oats) 4.39 

FINANCIAL  STATEHENT. 

For  the  purpose  of  bringing  out  clearly  the  relative  value  of 
the  foods  used,  the  weight  value  of  lambs  at  commencement  of 
experiment,  cost  of  feeding  throughout  the  ninety  days,  and  actual 
market  values  are  each  given  separately.  The  lambs  were  pur- 
chased some  time  before  the  experiment  began,  and  were  allowed 
to  glean  from  meadows,  stubble  fields  and  along  lanes  and  fences, 
utilizing  material  from  which  there  would  otherwise  have  been  no  re- 
turn. During  this  period  of  less  than  one  month  the  lambs  not  only 
maintained  themselves,  but  made  an  actual  gain  of  three  pounds 
each,  raising  the  average  weight  from  seventy-five  pounds  at  time 
of  purchase  to  seventy-eight  and  a  fraction  at  time  experiment 
began.  The  price  paid  for  the  lambs  being  $3.00  per  head,  and  the 
average  weight  being  75  pounds,  the  cost  price  per  pound  was 
4  cents.  Upon  this  basis  the  value  of  each  lot  of  lambs  starting 
on  feed  December  12,  1899,  is  estimated,  according  to  live  weight. 

ABSOLUTE  RELATIVE  PROFITS  FROfl  LOTS  i,  a,  AND  3. 

Table  4. 

L9t  1,  To  20  lambs,  weight  Dec.  20,  1899, 1,535  lbs.  at  4c. . .«  .61.40 

Lot  1,  To  clover,  wheat  and  sugar  beets 19.38 

Lot  1,  By  20  lambs,  weight  Mar.  12, 1900,  2,136  lbs  at  $4.68.  $100.10 

Lot  1,  To  net  profit 19.32 

$100.10    $100.10 

Lot  2,  To  20  lambs,  weight  Dec.  12, 1899,  1,580  lbs.  at  4c. .  .*  a3.20 

Lot  2,  To  clover  hay 17.21 

Lot  2,  By  20  lambs,  weight  Mar.  12, 1900,  2,066  lbs.  at  $4.68.  $96.81 

Lot  2,  To  net  profit 16.40 

$96.81     $96.81 
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Lot  3,  To  20  lambs,  weight  Dec.  12,  1899, 1,565  lbs.  at  4c. .  .8  62.60 

Lot  3,  To  clover,  oats  and  sugar  beets 27.93 

Lot  3,  By  20  lambs,  weight  Mar.  12,  1900,  2,200  lbs.  at  ?4.68.  |;1(»3.09 

Lot  3,  To  net  profit 12.56 

8103.09  8ia3.09 

Net  profit  per  head,  lot  1,  after  90  days  feeding  period 96c 

Net  profit  per  head,  lot  2,  after  90  days  feeding  period 82c 

Net  profit  per  head,  lot  3,  after  90  days  feeding  period 62c 

Average  net  profit  per  head  for  the  three  lots 80c 

While  the  relative  profits  are  given,  in  the  above  tables,  from 
the  results  at  the  close  of  the  experiment  it  is  onlj^  fair  to  state  that 
58  lambs  went  to  market  instead  of  60.  There  were  two  losses 
from  time  of  close  of  experiment,  to  going  to  market,  one  from  in- 
jury, the  other  from  unknown  cause. 

The  following  is  the  actual  statement  of  sale  and  profit  after 
deducting  these  losses: 

ACTUAL  FINANCIAL  STATEHENT. 

Nov.  12,  To  60  lambs  at  S3.f)0  each J180.00 

Mar.  12,  To  cost  of  food,  lot  1 19.38    * 

Mar.  12,  To  cost  of  food,  lot  2 17.21 

Mar.  12,  To  cost  of  food,lot  3 27.93 

Mar.  12,  To  value  of  dead  lambs,  173  lbs.  at  14.68  per  cwt.      8.09 

Mar.  12,  By  2  lambs,  trial  slaughter  $  10.90 

Mar.  12,  By  2  pelts  at  «1.15  each 2.30 

Dec.  12,  By  180  tt)S.  gain  preceding  experiment,  at  $4.68. .  8.42 

Mar.  12,  By  56  lambs  at  $5.00  each .  280.00 

Mar.  12,  To  total  profit 49.01 

$301.62   $301.62 

After  deducting  the  loss  of  two  lambs  and  adding  the  value  of 
the  increase  during  the  time  preceding  the  experiment,  we  have  a 
total  gain  of  $49.01  from  the  60  lambs,  giving  an  average  per 
head  of  81  cents.  The  180  pounds  of  increase  made  while  the 
sheep  were  feeding  from  stubble,  meadows  and  lanes  during  parts 
of  November  and  December,  1899,  we  have  credited  as  clear  gain. 
We  know  of  no  way  of  determining  the  value  of  the  waste  thus 
turned  into  mutton,  and  which  would  otherwise  have  been  lost 
We  know  of  no  better  way  in  which  to  give  a  farm  a  good  clean- 
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ing  up,  getting  rid  of  grass  and  weeds  along  ditches,  than  by 
having  the  sheep  do  it.  After  all  crops  have  been  harvested  a  160 
acre  farm  will  furnish  food  for  as  many  sheep  as  there  are  acres  for 
one  month,  and  where  sheep  are  to  be  fed  we  strongly  advise  early 
purchase  and  the  use  of  them  as  suggested. 

In  order  to  determine  the  relative  profits  from  the  three  meth- 
ods of  feeding,  it  was  necessary  to  determine  the  selling  price  per 
pound  of  the  lambs,  as  the  gains  varied  with  different  lots.  As 
the  lambs  were  sold  for  $5.00  per  head  the  price  per  pound  was 
determined  from  the  total  weight  of  the  three  lots  on  March  12; 
this  was  found  to  be  $4.68  per  hundredweight.  Now,  while  only 
$4.68  could  be  secured  from  our  local  market,  at  this  same  time 
market  reports  were  quoting  $6.50  and  $7.00  per  hundredweight 
in  Chicago.  While  eastern  markets  were  phenomenally  high,  it 
was  impossible  to  find  in  the  Gallatin  valley  enough  of  the  right 
sort  to  make  a  shipment,  and  while  only  $4.68  was  being  paid 
locally,  there  was  still  a  handsome  profit  of  81  cents  per  head. 

AMOUNT  OF  FOOD  CONSUMED  PER  DAY  AND  PER  POUND  INCREASE. 

Lot  1,  clover  consumed,  per  head  per  day 2.13  lbs. 

Lot  1,  wheat  consumed,  per  head  per  day 93  lbs. 

Lot  1,  clover  consumed,  per  head  per  lb.,  increase. . .  :/6.38  lbs. 
Lot  1,  wheat  consumed,  per  head  per  lb.,  increase 2.8    lbs. 

Lot  2,  clover  consumed  per  day  without  grain 3.16  lbs. 

Lot  2,  clover  consumed  per  pound  gain  without  grain.  11.8    lbs. 

Lot  3,  clover  consumed  per  day  with  oats 2.15  lbs. 

Lot  3,  clover  consumed  per  pound  gain 6.10  Tbs. 

Lot  3,  oats  consumed,  per  head  per  day 93  lbs. 

Lot  3,  oats  consumed,  per  head  per  pound  gain 2.65  lbs. 

The  figures  given  in  table  immediately  preceeding  are  for  the 
purpose  of  showing  how  much  clover  was  required  per  head,  per 
day,  alone,  with  wheat,  and  also  with  oats.  The  amounts  of 
clover  and  oats  and  clover  alone  are  also  given.  The  amount  of 
clover  and  grain  required  were  no  doubt  decreased  somewhat  by 
the  small  amount  of  turnips,  viz.:  42-100  or  less  than  one-half 
pound  per  head  per  day. 

Though  as  shown  in  lot  2,  11.8  pounds  of  clover  alone  was  re- 
quired to  produce  a  pound  of  gain,  this  still  gives  us  a  good  return 
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for  each  ton  of  clover  converted  into  mutton.  At  this  rate  one  ton 
of  clover  alone  produced  169.5  pounds  of  gain  in  live  weight,  worth 
at  the  selling  price  of  $4.68  per  cwt,  $7.93.  Is  this  not  a  good 
market  value  for  one  ton  of  clover?  Is  it  possible  to  dispose  of  it 
at  a  better  advantage  in  any  other  way? 

In  the  following  table  a  comparison  is  made  between  the  lot 
of  Merino  grades  fed  in  1899  and  a  lot  of  Shropshires  fed  in  1900 
under  exactly  the  same  conditions. 

dlover,  Oats  and  Roots.       Gain  per  mo.    Cost  per  cwt.      Clover  con-      Grain 


pounds. 


gam. 


16  Merino  grades,  1899 8.97 

20  Shropshire  grades,  1900 10.58 


64.62 
4.39 


sumed  per  lb. 
gain. 


6.43 
<).10 


con- 
sumed 
per  tt). 
gain. 

2.64 
2.64 


The  desirability  of  proper  type  for  mutton  production  is  here 
emphasized.  The  16  Merino  grades  were  quite  typical  of  the  vvrool 
producing  type;  being  somewhat  small  of  size,  fine  of  bone,  lack- 
ing in  width  at  brisket,  chest,  shoulders  and  back,  and  were  light 
in  the  quarter.  The  twenty  Shropshire  grades  were  almost  the  re- 
-verse  of  this,  hnd  at  the  same  time  carried  a  good  fleece.  The  Mer- 
ino grades  went  on  feed  with  an  average  weight  of  42Vi  pounds, 
•while  the  Shropshire  grades,  six  weeks  older,  started  with  an  aver- 
age weight  of  78  pounds.  The  former,  however,  were  reared  on 
the  range  only,  while  the  latter  had  the  advantage  of  ranch  condi- 
tions. Though  the  Shropshire  grades  were  nearly  twice  as  heavj^ 
at  the  start,  with  so  much  additional  weight  to  maintain,  they 
produced  one  pound  gain  from  6.10  pounds  clover  along  with  the 
same  amount  of  grain  as  the  Merinos,  which  required  6.43 
pounds  clover.  Another  important  feature,  w^hile  the  Shropshire 
produced  100  pounds  gain  from  clover  oats  and  roots,  (an  expen- 
sive ration)  at  a  cost  of  $4.39  per  hundredweight,  the  Merino 
grades  produced  the  same  gain  at  a  cost  of  $4.62  per  hundred- 
weight. But,  while  the  more  suitable  type  gave  the  best  return, 
still,  the  results  show  that  that  the  common  range  types  can  also 
be  feed  to  advantage.  Particulars  relating  to  the  feeding  of  the 
Merino  grades  can  be  found  in  Bulletin  No.  21  of  this  station. 
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TYPE. 

The  question  of  the  most  suitable  type  for  our  conditions  is  a 
puzzling  one.  As  we  find  them  at  present  the  type  commonly 
found  on  the  range  being  more  of  a  wool  than  mutton  producer, 
and  suited  to  living  on  scant  pastures,  does  not  by  any  means 
fulfill  the  desired  requirements  of  the  feed  lot.  Though  crosses  of 
all  kinds  have  been  used,  as  yet  the  type  has  not  been  evolved 
which  has  succeeded  in  entirely  fulfilling  the  widelj'  different 
requirements  of  these  two  spheres.  It  is  a  question  which  will 
require  some  careful  study  and  experimenting. 

However,  so  far  as  the  types  used  in  the  feed  lot  are  concerned, 
there  is  a  marked  difference  in  the  performance  from  the  two. 
Those  of  compact  form,  with  cylindrical  bodies,  broad  well  fleshed 
backs  throughout,  with  wide,  deep,  full  chests,  good  heart  girth 
and  full,  rounded,  deep  quarters  gave  far  the  best  returns  for  the 
food  consumed.  In  selecting  for  feeding  purposes  we  have  found  it 
advantageous  to  buy  where  Shropshire,  Leicester,  Cots  wold  or 
Oxford  blood  had  been  diffused. 

POSSIBILITIES  OF  MUTTON  PRODUCTION  IN  HONTANA. 

The  statement  has  been  made  fi'equently  that  under  the  condi- 
tions prevailing  in  Montana  the  sheep  industry  must  necessarily 
be  confined  to  wool  production  and  the  rearing  of  feeding  stocks 
for  export,  to  be  fattened  on  the  cheap  grains  of  the  North  Central 
states.  Such  statements  are  misleading.  Our  natural  conditions 
will  some  day  be  so  utilized  that  all  feeding  stocks  produced  in  the 
state  can  be  fattened  here  also.  The  chief  reason  whv  this  state- 
ment  is  made  is  because  of  the  large  quantities  of  alfalfa  and  red 
clover  which  can  be  produced  in  the  numerous  valleys.  It  is  true 
that  the  valley  areas  form  onlj"  a  small  percentage  of  the  state's 
area,  but  these  are  extremely  fertile  and  produce  enormously  under 
irrigation.  As  an  illustration  we  quote  returns  from  clover  crops 
on  the  Experiment  Station  farm  in  1900. 

From  one  six-acre  tract  alone  19  tons  and  14  pounds  were 
harvested  as  a  first  cutting.  The  second  cutting  will  jneld  over 
two  tons  per  acre,  making  in  all  an  average  of  over  five  tons  per 
acre.  This  area  was  accuratelv  measured  and  the  hav  well  cured 
before  weighing.      In  fact  it  was  too  dry,  owing  to  the  dela^'  pre- 
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venting  its  removal  to  the  stack  at  the  proper  time.  The  area 
was  irrigated  twice.  In  1898  a  measured  acre  was  sown  to  clover 
on  May  6,  watered  lightly  on  June  29,  July  23  and  August  15. 
This  acre  was  harvested  on  September  6,  yielding  3,169  pounds  of 
well  cured  clover  hay  To  show  that  this  was  not  unusual,  in 
1899  a  measured  acre  was  similarly  treated,  was  sown  on  May 
13,  irrigated  June  30  and  July  25,  only  twice,  was  cut  on  Septem- 
ber 21,  yielding  3,090  pounds  of  well  cured  hay.  The  individual 
acreage  of  1900,  not  yet  harvested,  promises  as  good  a  yield  as  the 
two  preceding  years.  In  all  three  instances  these  acres  were 
preceded  by  spring  wheat.  We  thus  have  in  1898,  at  the  end  of 
113  days  from  sowing,  a  crop  of  3,169  pounds  of  cured  hay  from 
an  acre,  and  in  1899,  w^hich  was  a  more  back  ward,  season,  3,090 
pounds  at  the  end  of  131  days.  In  the  face  of  these  facts  Gallatin 
valley's  possibilities  as  to  clover  production  cannot  be  disputed. 

As  the  Gallatin  valley  is  already  noted  for  its  famous  barley, 
club  wheat  and  oats,  the  question  arises,  must  'these  be  given  up 
to  clover?  The  answer  is  emphatically  no.  The  valley  can  con- 
tinue to  produce  the  same  amount  of  these  grains  and  an 
enormous  amount  of  clover  as  well.  Only  a  short  time  ago  not 
more  than  one  half  the  area  was  cropped  each  year,  the  other  half 
being  summer-fallowed.  We  are  glad  to  notice  that  the  area  of 
the  latter  is  year  by  year  diminishing,  being  supplanted  by  clover, 
which  is  dotting  the  vallej'  with  innumerable  stacks  of  hay  for 
feeding  purposes  arid  leaving  the  ground  in  good  condition  for 
barley  and  wheat.  If  all  the  land  in  Gallatin  valley^  were  thus 
utilized  hundreds  of  thousands  of  sheep  could  be  fattened  annually. 
Nor  is  such  production  limited  to  this  valley.  Extensive  areas  are 
being  used  for  the  growth  of  alfalfa  in  the  Yellowstone  valle3% 
where  the  yields  from  three  cuttings  average  from  five  to  seven 
tons  per  acre.  And  what  has  been  said  of  red  clover  as  a  fattening 
food  will  apply  in  much  the  same  way  to  alfalfa.  Tests  of  this 
Station,  in  1899,  showed  comparatively  little  difference  in  their 
food  values,  a  slight  advantage  in  favor  of  clover,  more  than  com- 
pensated for  by  the  alfalfa  in  its  larger  yield. 

Mr.  I.  D.  0*Donnell,  of  Billings,  has  been  fattening  wethers 
and  lambs  during  several  seasons  past,  using  alfalfa  without  any 
grain.     His  work  has  been  pre-eminently  successful,  and  a  recent 
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report  received  from  him  at  this  office  shows  remarkablj^  good 
gains  and  very  satisfactory  profits  from  the  fattening  of  range 
lambs  on  alfalfa  alone.  Alfalfa,  red  clover  or  alsike  can  be  grown, 
at  least  one  or  more  of  them,  in  all  our  valleys  to  good  advantage. 

While  enormous  quantities  of  clover  and  alfalfa  can  be  grown 
in  Montana,  the  area  nearly  doubling  in  some  sections  each  year, 
we  are  convinced  from  the  results  of  the  work  as  given  that  there 
can  be  no  better  way  of  disposing  of  this  hay  than  by  feeding 
cattle  and  sheep  during  the  winter  season.  A  portion,  however, 
will  always  be  required  for  maintenance  of  breeding  stocks. 

One  point  we  wish  particularly  to  emphasize,  that  though  the 
use  of  a  small  quantity  of  grain  along  with  the  clover  and  alfalfa 
will  increase  the  gains  somewhat  and  add  to  the  quality  that 
these  two  hays  can  be  used  to  good  advantage  alone.  For  with 
lambs  on  clover  alone,  consuming  3.16  pounds  per  day,  requiring 
11.8  pounds  to  maintain  animal  and  produce  a  pound  of  gain, 
making  a  monthly  gain  of  8.3  pounds.  Each  ton  of  clover  pro- 
duced 169.5  pounds  gain,  worth,  at  $4.68  per  hundredweight, 
$7.93. 

Mr.  O'Donnell  fed  only  4.44  pounds  alfalfa  per  head  per  day. 
On  this  amount  his  2's  and  3's  made  an  average  monthly  gain  of 
8.66  pounds  each,  while  other  lots  made  6  and  7  pounds  per  head 
each  month.  We  consider  these  good  results,  as  Mr.  O'Donnell 
was  feeding  alfalfa  alone  to  10,000  sheep  of  the  ordinary  range 
type,  while  the  Station  lambs  consisted  of  sixty  select  ones  of  the 
strictly  mutton  type.  The  sheep  at  Billings  were  only  fed  during  a 
45-day  period. 

The  question  of  the  disposal  of  finished  mutton  is  one  which 
has  confronted  our  ranchers  in  a  serious  way.  A  number  of  good 
lots  have  been  successfully  fattened  in  Gallatin  valley,  but  were 
found  to  be  too  much  for  local  demand.  We  strongly  advise  feed- 
ing with  the  view  of  shipping.  Only  a  comparatively  small 
amount  of  clover  or  alfalfa  is  required  to  feed  a  carload  of  200  or 
220.  From  the  statistics  given,  calculations  can  easily  be  made, 
allowing  of  course  for  a  reasonable  percentage  of  waste  in  the 
handling.  We  have  found  that  it  will  pay  to  feed  from  70  to  90 
days  and  be  ready  to  ship  not  later  than  March  1st.  The  time  to 
begin  feeding.should  be  regulated  by  conditions  of  weather  and 


22  THE  MONTANA  EXPERIMENT  STATION. 

available  waste  food  on  the  ranch,  but  as  a  rule  it  should  not  be 
later  than  December  1st. 

CONCLUSIONS. 

1.  That  the  less  expensive  grains  can  be  profitably  used  alon^ 
with  clover  in  mutton  production.  That  they  will  increase  the 
gains  and  improve  the  quality.  That  grains  at  a  high  price,  such 
as  oats  quoted,  render  the  cost  of  feeding  too  high,  unless  used  in 
very  small  amounts. 

2.  That  either  clover  or  alfalfa  will  give  good  returns  in  fat- 
tening sheep  and  lambs,  without  the  use  of  any  grains. 

3.  That  the  result  from  a  given  amount  of  food  will  depend 
much  on  the  type  of  sheep  using  it. 

4.  That  better  value  can  be  obtained  from  clover  and  alfalfa 
converted  into  mutton  than  in  any  other  way. 

5.  That  after  har\'est  a  few  sheep  will  clean  the  ranch,  utilize 
what  would  otherwise  waste,  and  thereby  add  to  the  profits. 
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SWINE   FEEDING. 


Part  III. 


The  report  herein  given  contains  the  results  of  a  swine  feeding 
test  conducted  during  a  portion  of  the  winter  of  1899-1900. 
While  there  are  many  different  conditions  confronting  the  pork 
producer  in  Montana,  this  one  has  been  the  first  to  be  taken  up 
because  of  its  suggestion  by  farmers  of  the  state.  Though  nearly 
every  phase  of  swine  breeding,  feeding,  etc.,  has  been  experimented 
upon  in  some  part  of  the  country,  still  we  find  confronting  us 
conditions  which  can  be  met  only  on  our  own  ground.  These 
relate  to  foods,  climate  and  market  conditions,  of  which  we  have 
a  great  variety  in  Montana  alone.  Our  only  competition  at 
present  are  the  Eastern  packing  companies.  Montana  supplies 
only  a  fractional  part  of  the  home  demand,  and  until  she  has 
secured  it  all,  there  can  be  no  chance  of  prevailing  low  prices, 
though  local  conditions  may  lead  to  it  at  times  for  a  short 
period  only. 

The  questions  are  often  asked,  **Can  pork  be  produced  at  a 
profit  on  grains  alone  in  Montana?"  **Can  badly  damaged 
grains  be  utilized  with  profit  in  pork  making?''  **Is  there  any 
advantage  in  feeding  roots  or*clover  or  alfalfa  along  with  grain?  '* 
Many  questions  such  as  these  come  to  us  through  personal  enquiry 
and  by  means  of  correspondence.  It  is  the  purpose  of  this  report 
to  try  to  answer  some  of  these  questions. 

Because  of  the  high  prices  which  generally  prevail  throughout 
the  state  for  grains,  the  question  as  to  their  use  for  pork  produc- 
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tion  is  a  very  pertinent  one,  and  oftentimes  the  market  price  will 
almost  prohibit  their  use.  This  has  been  true  of  oats  during  the 
past  year,  and  attention  is  called  to  the  marked  increase  in  cost  of 
production  wherever  thej'  are  used  in  these  experiments.  There  is 
one  fact,  however,  w^hich  we  should  not  lose  sight  of,  viz.,  that 
with  the  prices  which  prevail  grains  seldom  reach  a  market  value 
at  which  they  can  not  be  marketed  to  equal  advantage  in  the  form 
of  pork. 

The  plan  followed  in  these  tests  is  not  a  new  one  by  any 
means,  but  simph'  the  trial  of  practical  methods  under  new  condi- 
tions. Such  foods  as  alfalfa,  clover,  peas,  mangels,  carrots,  sugar 
beets,  turnips,  etc.,  have  been  used  at  many  of  the  experiment 
stations,  both  separateh'  and  in  conjunction  with  other  foods. 
The  comparative  value  of  sugar  beets  and  alfalfa  with  some  grain, 
as  compared  with  grain  alone,  has  been  the  basis  of  this  work. 
Three  lots  of  pigs  of  seven  each  were  used.  Lot  T  was  fed  on 
grain  only,  consisting  during  a  part  of  the  time  of  damaged  wheat 
and  oats,  in  proportion  by  weight  of  two  parts  wheat  and  one 
part  oats.  During  the  latter  part  of  the  test  barley  was  substi- 
tuted for  the  wheat.  By  way  of  explanation:  The  wheat  being 
late  had  been  frozen,  and  had  heated  later,  despite  all  efforts  to 
prevent  it  by  shoveling.  It  formed  a  portion  of  the  ration  of  all 
three  lots  during  the  first  forty  days.  Lot  2  were  fed  the  same 
grain  mixture  as  lot  1,  \Hiz:  wheat  and  oats,  but  in  less  quantity, 
sugar  beets  forming  a  part  of  the  ration.  These  were  fed  whole 
and  raw,  and  were  greatly  relished.  Lot  3  were  given  the  same 
grain  mixture  as  1  and  2,  but  along  with  alfalfa.  It  is  generally 
conceded  that  alfalfa  is  valuable  as  a  food  for  hogs,  and  in  many 
cases  where  grain  is  not  available  large  quantities  of  this  food  are 
consumed  by  swine  which  are  being  wintered  over.  We  know  of 
cases  where  pigs  have  wintered  well  simply  from  alfalfa  stacks. 
But  as  the  claim  has  been  made  that  it  enhances  the  return  from 
grain  food  fed,  we  attempted  to  obtain  specific  data.    In  order 

to  do  this  the  alfalfa  used  was  run  through  a  cutting-box,  reduced 
to  chaff,  moistened,  and  mixed  with  meal.  This  method  was 
necessary  in  order  to  get  at  the  actual  amount  consumed.  In 
ordinary  practice  it  is  fed  whole,  the  hogs  being  allowed  to  select 
the  leaves  and  finer  particles.  The  alfalfa  in  this  case  formed  part 
of  a  forced  ration. 
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The  pigs  used  for  feeding  were  twenty-one  shotes,  having  an 
average  weight  of  112  pounds.  They  consisted  of  a  Berkshire 
cross  on  high-grade  Poland  China  sows.  They  were  in  a  thrifty 
condition,  but  not  fat,  having  been  allowed  to  glean  from  a 
limited  area  of  stubble  with  some  clover  pasture.  Three  weeks 
before  trial  began  they  were  put  on  preliminary  feed,  and  prepared 
for  the  test.  The  following  table  gives  the  total  amount  of  food 
consumed  during  the  experiment : 

Table  No.  1. 

FOOD  CONSUMED  BY  LOT  i  QETTINQ  GRAIN  ONLY. 

Date.  Wheat  Oats  Barley  Total  Grain 

Dec.  29th,  1890,  to  pounds  pounds.*  pounds,  pounds. 

Feb.  7th,  19'i0 1,102?3  551i^  1,654 

Feb.  7th,  1900,  to 

Mar.  5,  1900 431%  875i^i  1,313 


Totals 1,10243  989  875i^  2,967 

FOOD  CONSUMED  BY  LOT  a  GETTING  GRAIN  AND  SUGAR  BEETS. 

Date.                 Wheat           Oats  Barley  Total  Grain        Roots 

Dec.  29th,  1899,  to     pounds.        pounds.  pounds.  pounds.  pounds. 

Feb  7th,  19J0 971^^             4853.;  1^457  410 

Feb.  7th,  1900.  to 

Mar.  5th,  1900 348%  693^^  1,040  409 


Totals 971 13  8S'2}i  G»:^^.^  2,497  819 

LOT  3  FEEDING  ON  GRAIN  AND  ALFALFA. 

Date.                  Wheat  Oats  Barley  Total  Grain  Alfalfa 

X>ec.  29th,  1899,  to     pounds.  pounds.  pounds.  pounds.  pounds. 

Feb.  7th,  19U0 \fiiO%  505 1^  1,516  219 

Feb.  7th,  1900,  to 

Mar.  5th,  1900 389  778  1,167  151 


Totals l,010«i  894  i;i  778  2,683  370 

Attention  is  called  to  the  fact  that  lot  No.  1,  feeding  on  grain 
only,  consumed  by  far  the  largest  amount  of  the  three,  and  yet 
failed  to  make  a  relatively  greater  gain.  Taking  into  considera- 
tion the  grain  portion  of  the  ration  only,  the  following  amounts 
were  required  to  produce  a  pound  of  increase: 

Lot  1.    Grain  required  to  produce  a  pound  of  increase 5.32  lbs. 

Lot  2.    (Receiving  sugar  beets),  grain  required  to  produce  a  pound  of 

increase 4.26  lbs. 

Xiot  3  (Receiving  Alfalfa),  grain  required  to  produce  a  pound  of  in- 
crease  4.86  lbs. 

It  will  also  be  noticed  that  the  amounts  of  the  various  grain 
portions  of  the  ration  differ  slightly  in   the  actual  weight  con- 
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Slimed.  This  is  according  to  the  plan  outlined,  the  intention  being 
to  force  sugar  beets  and  alfalfa  into  the  rations  and  thus  to 
determine  definitely  their  influence,  not  only  as  food  factors,  but 
also  the  effect  upon  the  results  from  the  grain  foods  with  which 
they  were  used.  That  the  effect  upon  the  digestion  and  assimila- 
tion of  the  nutriments  was  marked  is  shown  by  the  smaller 
amounts  of  grain  required  to  produce  a  pound  of  gain,  in  the 
cases  where  alfalfa  and  sugar  beets  were  used,  as  shown  in  the 
tables  immediately  preceding.  Where  these  are  used  in  a  forced 
ration  there  is  some  danger  of  rendering  the  food  too  bulky,  par- 
ticularly in  mixing  meal  and  alfalfa.  While  a  bulky  ration  may 
answer  well  for  store  hogs  and  breeding  stocks,  it  is  detrimental 
to  a  rapid  gain  where  the  object  is  to  produce  flesh  quickly.  This 
is  one  reason  in  favor  of  allowing  hogs  free  access  to  alfalfa  in 
racks,  rather  than  forcing  it  into  the  ration.  They  will  then  con- 
sume only  the  fine  and  more  nutritious  parts,  rejecting  the  coarse, 
bulky,  inedible  portions. 

In  the  following  table.  No.  2,  are  given  the  gains  of  the  three 
lots  throughout  the  two  periods  during  which  wheat  was  first 
used  and  then  replaced  by  barley : 

Table  No.  2. 
INCREASE  FROM  FOOD  USED. 

(Seven  hogs  in  each  lot.) 

Lot.      Wt.  Dec  29,  1899,     Wt.  Feb.  7, 1900,      Wt.  Mar.  5, 1900,     Total  increase,, 
pounds.  pounds.  pounds.  pounds. 

1.  780  1,072  1,337  557 

2.  801  1,100  1,387  576 

3.  779.  1,059  1,331  552 

AVERAGE  DAILY  QAIN5. 

Lot  1,  Fed  grain  only.    Average  daily  gain  during  first  forty  days  while 

receiving  damaged  wheat J.04  lbs* 

Lot  1,  Average  daily  gain  during  second  period  of  twenty-six  days  while 

receiving  barley 1.46  lbs* 

Lot  2,  Fed  grain  and  roots.    Gain  per  head  per  day  during  first  forty 

days  while  receiving  damaged  wheat 1.06  ftw* 

Lot  2,  Gain  per  head,  per  day,  during  second  period  of  twenty-six  days 

with  barley 1.50  lbs. 

Lot  3,  Fed  grain  and  alfalfa.    Gain  per  head,  per  day,  during  first  forty 

days  while  receiving  damaged  wheat 1      lb. 

Lot  3,  Gain  per  head,  per  day,  during  second  period  while  receiving 

barley 1  49  lbs* 
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AVERAGE  GAIN  THROUGHOUT  TEST. 

Lot  1,  Gain  per  head,  per  day 1 20  Jbs. 

Lot  2.  Gain  per  head,  per  day 1/26  lbs. 

Lot  3,  Gain  per  head,  per  day 1.19  lbs. 

In  the  following,  table  No.  3,  the  cost  of  the  foods  used  is  given 

for  each  lot. 

Table  No.  3. 

COST  OF  FOOD,  LOT  i- 

Wheat,  1,102^  lbs.,  at  40c  per  ewt 8  4.41 

Oats,  989  lbs.,  at  90c  per  cwt 8  90 

Bcurley,  Slo}^  lbs.  at  60c  per  cwt 5.25 

818.56 
COST  OF  FOOD,  LOT  a. 

Wheat,  9m<  lbs  ,  at  40c  per  cwt 8  3.H8 

Oats,  8321^  ft)S.,  at  90c  per  cwt. . .' 7.49 

Barley,  69:ii^  Bbs.,  at  60c  per  cwt 4.16 

Sugar  Beets,  819  lbs  ,  at  15c  per  cwt 1.22 

816.75 
COST  OF  FOOD,  LOT  3- 

Wheat,  1,1104^  lbs.,  at  40c  per  cwt 8  4.04 

Oats,  8941^  Tbs.,  at  90c  per  cwt 8.04 

Barley  778  lbs,  at  60c  per  cwt 4  66 

Alfalfa,  370  lbs ,  at  86.00  per  ton 1.11 

817.85 

The  value  placed  on  the  foods  used  were  those  prevailing  at 
the  time  they  were  fed.  In  the  case  of  the  wheat  a  valuation  was 
made  by  experienced  mill  men,  unacquainted  with  the  purpose  of 
its  use,  and  who  could  give  a  disinterested  opinion.  The  value 
placed  upon  sugar  beets,  viz.,  that  of  $3.00  per  ton,  is  much 
greater  than  the  estimated  cost  of  production  in  some  of  the 
neighboring  states,  their  estimate  being  $2.00  per  ton.  While 
Minnesota  farmers  may  produce  them  at  9  cents  per  hundred- 
weight, the  value  used  in  a  recent  bulletin,  we  find  that  with  more 
expensive  labor  12  to  15  cents  per  hundredweight  is  about  what 
they  cost  in  Montana.-  We  hope  to  secure  data  ere  long  giving 
full  particulars  as  to  the  cost  of  raising  sugar  beets  under  Mon- 
tana conditions. 

In  looking  over  table  No.  3,  the  most  striking  difference  in  the 
cost  of  the  oats  as  compared  with  wheat  and  barley  will  be 
noticed.     Pound  for  pound  the  oats  increased  the  cost  of  produc- 
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tion  at  a  rate  of  nearlv  double  that  of  the  other  two.  So  that 
granting  the^'  possess  a  great  value,  we  deem  it  advisable  to  tise 
them  only  in  small  proportion  in  fattening  rations  with  prices 
ranging  as  at  present.  This  feature  is  especialh'  marked,  as  was 
shown  in  the  case  of  the  sheep  fed  on  clover  and  oats  as  compared 
•  w^th  those  fed  on  clover  and  other  grains. 

In  the  following  table  are  found  the  statistics  relating  to  the 
financial  outcome  of  the  experiment.  A  valuation  of  5  cents  per 
pound  was  placed  on  the  shotes,  averaging  112  pounds  at  begin- 
ning of  experiment.  The  estimated  value  was  fixed  by  a  local 
dealer  who  understood  the  prices  then  prevailing.  The  hogs  were 
disposed  of  in  three  lots,  one  to  a  local  butcher,  one  to  a  rancher, 
and  the  balance  were  sent  to  Helena  along  with  a  shipment  of 
steers.  The  average  price  obtained  was  5Vi  cents  per  pound,  live 
weight.  About  the  same  time  two  lots  from  the  country  near  by, 
one  of  150  head  and  the  other  of  50,  were  sold  at  the  same  price 
by  live  weight.     In  bu3'ing  hogs  to  fatten  a  wider  margin  between 

bu3'ing  and  selling  price  is  safer,  the  estimated  value  in  this  case 
being  high,  though  it  then  prevailed. 

FINANCIAL  STATEHENT. 

Lot  1. 

Cost  of  7  hogs,  lot  1,  Dec.  29, 1899,  weight  780  lbs.,  at  5c S39.00 

Cost  of  food,  lot  1,  Dec.  29, 1899  to  Mar.  5,  1900 18.56 


Total  cost 157.56 

Value  of  hogs  at  close  of  experiment,  weight  1,337  lbs.,  at  o}^c,  70.19 


Net  profit $12.63 

Lot  2. 

Cost  of  7  hogs,  lot  2,  Dec.  29, 1899,  weight  801  lbs.,  at  oc $40.05 

Cost  of  food,  lot  2,  Dec.  29,  1899,  to  Mar.  5,  1900 16.75    . 


Total  cost $56.80 

Value  of  hogs  at  close  of  experiment,  weight  1,387  lbs.,  at  o}^c.  72.81 


Net  profit $16.01 

Lot  3. 

Cost  of  7  hogs,  lot  3,  Dec.  29,  1899,  weight  779  lbs.,  at  5c $38.95 

Cost  of  food,  lot  3,  Dec.  29, 1899,  to  Mar.  5, 1900 17.85 


Total  cost $56.80 

Value  of  hogs  at  close  of  experiment,  weight  1,331  lbs ,  at  b}^c.  69  87 

Net  profit $13.07 

Total  net  profit  from  the  three  lots $41.71 
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PROFIT  PER  HEAD  BY  LOTS. 

Lot  1.    On  grain  only.    Net  profit  per  head  11.80 

Lot  2.    On  grain  and  beets.    Net  profit  per  head 2.28 

Lot  3.    On  grain  and  alfalfa.    Net  profit  per  head .   1  87 

Average  net  profit  per  head  for  three  lots 1.98 

In  following  out  this  line  of  work  some  important  practical 
conclusions  have  been  reached  by  careful  observation  during  the 
progress  of  the  experiment.  The  statistics  show  that  damaged 
grain  can  be  utilized  profitably  in  pork  production,  where  it  would 
be  otherwise  difficult  to  dispose  of  it,  and  that  while  the  gains^ 
are  not  proportionately  as  large  as  those  from  good  grain,  still 
they  are  satisfactory.  The  conclusion  was  also  reached  that  with 
badly  damaged  wheat,  pigs  will  eventually  show  a  distaste  for  it^ 
and  that  a  change  to  some  other  form  of  food  is  desirable  for  a 
short  period  in  order  to  give  them  the  proper  finish.  So  far  as- 
uninjured  wheat  is  concerned  in  the  production  of  pork,  Prof.  H. 
F.  French,  now  of  Idaho,  but  formerly  connected  with  the  Oregon 
Station,  sa3^s  with  regard  to  the  quality  of  wheat  fed  pork :  **  Fat 
is  heavy  and  thick  and  firm  in  texture,  and  the  lean  meat  is  juicy 
and  light  in  color." 

As  regards  the  use  of  sugar  beets  as  a  pig  food,  the  results 
show  they  have  good  value.  A  value  derived  not  so  much  from 
the  nutrients  in  the  dry  matter  which  they  contain  as  from  the 
influence  they  exert  on  digestion  and  assimilation.  Proof  of  this- 
is  found  in  the  fact  that  where  5.32  pounds  of  grain  alone  were 
required  to  produce  a  pound  of  gain,  4.26  pounds  of  grain  pro- 
duced a  pound  of  gain  when  a  small  quantity  of  beets  was  alsa 
given.  As  sugar  beets  contain  86.5  per  cent,  water,  the  819 
pounds  fed  to  lot  2  would  only  supply  to  them  110  pounds  of  dry 
matter.  So  that  the  smaller  portion  of  grain  required  to  produce 
a  given  gain  cannot  be  entirely  accounted  for  by  the  nutritives 
supplied  in  the  dry  matter  of  the  sugar  beets.  We  have  found  that 
pigs  soon  become  very  fond  of  sugar  beets,  and  that  they  can  be 
fed  to  good  advantage  raw;  that  there  is  no  advantage  to  be 
deriv^  from  cooking  them.  They  should  not,  however,  be  fed  in 
larger  quantities  than  from  2  to2V^  pounds  per  day  to  a  150  pound 
animal.  If  fed  too  freely  they  have  a  laxative  effect  on  the  digest- 
ive organs,  and  cause  some  loss  to  the  grain  fed.  They  have  given 
us  good  results  fed  in  larger  quantities  to  store  hogs  receiving 


30  THE  MONTANA  EXPERIMENT  STATION. 

very  little  grain  during  the  winter.  In  this  way  store  hogs  can  be 
wintered  over  very  cheaply  and  come  out  in  good  thrifty  condi- 
tion. Their  value  extends  also  to  the  brood  sow;  we  have  for 
several  years  made  them  a  part  of  her  ration.  They  have  a 
tendency  to  prevent  a  torpid  condition  of  the  digestive  tract, 
render  parturition  more  easy,  increase  the  flow  of  milk  and  pro- 
duce a  vigorous  offspring.  It  is  necessary,  however,  to  use  the  pre- 
caution not  to  give  beets  except  in  small  quantities  to  the  sow 
during  the  first  week  after  farrowing.  They  are  liable  to  affect 
the  milk,  causing  bowel  trouble  among  the  young  pigs. 

What  has  been  said  of  sugar  beets  will  apply  in  very  much  the 
same  way  to  mangels  and  carrots.  The  food  value  of  all  three 
for  swine  is  very  much  alike.  It  can  be  said  of  carrots,  however, 
that  they  are  very  much  more  expensive  than  either  sugar  beets 
or  mangels,  owing  to  the  labor  involved  in  giving  them  the  proper 
cultivation  and  the  difficulty  found  in  harvesting.  According  to 
Danish  feeding  experiments  carrots  and  mangels  have  about  a 
similar  value  in  feeding.  Under  conditions  frequently  found  in 
Montana  the  sugar  beet  is  preferable  to  the  mangel  for  the  reason 
that  they  keep  much  better  during  the  winter  season.  The  man- 
gel which  growsi  out  of  the  ground,  with  a  sparse  top  for  covering, 
is  frequently  touched  by  an  early  frost,  and  then  will  not  keep 
well.  As  the  sugar  beet  makes  its  growth  within  the  ground  and 
the  crown  is  well  covered  with  leaves,,  early  frosts,  even  very 
severe  ones,  will  not  do  any  damage.  During  the  last  two  years 
we  have  had  sugar  beets  to  feed  as  late  as  the  middle  of  June. 

The  argument  most  strongly  urged  against  the  use  of  roots 
is  that  they  are  expensive  to  raise.  On  the  average  farm  onh'-  a 
very  small  area  is  required  to  produce  an  abundance  of  pig  feed. 
One  acre  will  produce  at  a  fair  average  not  less  than  ten  to  twelve 
tons  of  beets,  and  these  if  properly  treated  will  not  cost  more 
than  $25.00  per  acre.  They  are  in  reality  one  of  the  most  econ- 
omical foods. 

While  turnips  and  rutabagas  can  be  grown  in  Montana  with 

even  a  greater  tonnage  return  per  acre  than  sugar  beets  or 
mangels,  they  cannot  be  used  to  advantage  as  pig  food.  Pigs  will 
refuse  to  eat  them  raw,  and  cooking  is  too  expensive  to  render 
their  use  in  that  way  profitable.  Cooked  and  with  meal  added 
they  are  readily  consumed. 
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As  shown  by  the  figures  given,  the  Use  of  alfalfa  in  a  fattening 
ration  for  pigs  has  been  attended  with  good  results,  though  not 
quite  equal  to  that  of  sugar  beets.  While  the  alfalfa  was  finely 
cut  for  these  tests,  we  do  not  advocate  the  practice.  The  Kansas 
Experiment  Station  obtained  good  results  by  merely  supplying  it 
whole,  allowing  the  pigs  to  use  what  the3^  would.  This  is  no 
doubt  the  most  practical  way.  When  cut  and  mixed  with  meal 
the  ration  then  becomes  a  forced  one  and  is  too  bulky.  Leaves 
and  chaff  may  be  used  to  good  advantage  in  this  waj',  and  where 
fed  in  very  cold  weather,  should  be  given  in  the  morning,  moist- 
ened, with  the  meal  sprinkeled  on.  W^hen  cut  material  or  chaff 
and  leaves  are  fed  with  the  grain,  flat-bottomed  troughs  are 
necessary,  with  slats  nailed  across  the  top  every  eighteen  inches, 
to  prevent  wasting.  Some  time  is  required  before  pigs  relish  an 
alfalfa  ration.    They  do  not  take  to  it  so  readily  as  to  sugar  beets. 

IMPORTANT  FACTS  SUMflARlZED. 
PROFITS  FROM  EACH  LOT. 

Lot  1.    Seven  pigs  on  grain  only,  for  66  dajrs,  gave  net  profit 812.63 

Lot  2.    Seven  pigs  on  grain  and  sugar  beets,  for  66  days,  gave  net  profit. .  16.01 
Lot  3.    Seven  pigs  on  grain  and  alfalfa,  for  66  days,  gave  net  profit 13.07 

Total  net  profit .* 841.71 

PROFITS  PER  HEAD. 

Lot  1.    Fed  grain  only 8  1.80 

Lot  2.    Fed  grain  and  sugar  beets ^ .     2.28 

Lot  3.    Fed  grain  and  alfalfa 1.87 

Average  net  profits,  per  head,  from  lots  1, 2  and  3 $1.98 

COST  OF  INCREASE. 

Lot  1.    Fed  grain  only,  per  cwt $  3.33 

Lot  2.    Fed  grain  and  sugar  beets,  per  cwt .* 2.85 

Lot  3.    Fed  grain  and  alfalfa,  per  cwt 3.23 

RELATIVE  QAIN5. 

Lot  1.    Where  damaged  wheat  formed  part  of  ration,  per  day 1.04  lbs. 

Lot  2.    Where  damaged  wheat  formed  part  of  ration,  per  day 1.06  lbs. 

Lot  3.    Where  damaged  wheat  formed  part  of  ration,  per  day 1.00  lbs. 

Lot  1.    Where  barley  formed  part  of  ration,  per  day 1.46  lbs. 

Lot  2.    Where  barley  formed  part  of  ration,  per  day 1.50  lbs. 

Lot  3.    Where  barley  formed  part  of  ration,  per  day 1.46  lbs. 
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AVERAGE  GAIN  THROUGHOUT  THE  WHOLE  PERIOD. 

Lot  1 1.20  lbs  ,  per  head,  per  day. 

Lot  2 1.26  lbs  ,  per  head,  per  day. 

Lot  3 1.19  lbs.,  per  head,  per  day.        ' 

FOOD  REQUIRED  FOR  A  GIVEN  GAIN. 

Lot  1.    Fed  grain  only,  required 5  32  lbs ,  grain,  per  lb.  gain. 

Lot  2.     Fed  grain  and  sugar  beets 4  26  lbs ,  grain,  per  lb.  gain. 

Lot  3.    Fed  grain  and  alfalfa 4  86  lbs  ,  grain,  per  lb.  gain. 

CONCLUSIONS. 

1.  That  sugar  beets  are  a  valuable  adjunct  to  use  along  with 
grain  foods  for  fattening  hogs.  While  the  small  percentage  of 
nutrient  contained  in  them  is  of  value,  the  beneficial  effects  pro- 
duced on  digestion  and  the  assimilation  of  other  foods  is  very 
marked.  The  figures  indicate  that  by  their  use  a  saving  of  grain 
is  effected,  and  the  quality  of  the  meat  improved. 

2.  That  alfalfa  as  a  food  adjunct  for  fattening  hogs  is  valua- 
ble. While  it  should  not  be  forced  into  a  ration,  cut  and  mixed 
with  meal  in  such  large  quantity  as  to  render  it  bulky,  small 
quantities  can  be  used  to  good  advantage  in  this  way,  or  supplied 
whole  in  racks.  It  lessens  the  cost  of  production,  aids  in  keeping 
the  animals  in  a  good  thrifty  condition,  and  improves  the  quality 
of  the  meat  produced.  W^e  have  not  found  its  use  equal  to  sugar 
beets  or  mangels.  ^ 

3.  That  a  straight  grain  ration,  though  it  produces  a  rapid 
gain,  is  the  most  expensive  method  of  feeding. 

4.  That  damaged  grain  cannot  be  utilized  to  better  advantage 
than  when  converted  into  pork. 

5.  That  grains  seldom  reach  a  market  price  in  Montana  at 
which  they  cannot  be  marketed  to  equal  advantage  in  the  form 
of  pork. 

Much  of  the  success  attending  these  lines  of  stock  feeding 
is  due  to  the  careful  observation  and  performance  of  all  the 
details  relating  thereto,  by  Mr.  Charles  W^ilson,who  w^as  in  charge 
of  the  work. 

R.  S.  SHAW. 
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LETTER  OF  TRANSMITTAL. 

To  His  Excellency^  Robert  B.  Smithy  Governor  of  Mont  ana: 

Bozeman,  Montana,  July  i,  1900. 
Dear  Sir— I  have  the  honor  to  transmit  to  you  herewith  the  Seventh 
Annual  Report  of  the  Montana  Agricultural  Experiment  Station. 

Respectfully, 

S.  M.  Emery,  Director. 

EXECUTIVE  BOARD. 

Lester  S.  Willson,  President Bozeman 

Peter  Koch,  Secretary  and  Treasurer Bozeman 

George  Kinkel,  Jr.,  Vice-President Bozeman 

Walter  S.  Hartman Bozeman 

Jno.  M.  Robinson Bozeman 

EXPERIMENT  STATION  5TAFF. 

S.  M.  Emery, Director  and  Horticulturist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist. 

Robt.  S.  Shaw,  B.  S.  A Assistant  Agriculturist. 

J.  W.  Blankinship,  Ph.  D Botanist. 

Samuel  Fortirr,  Ma.  E Irrigation  Engmeer. 

R.  A.  CooLEY,  B.  S Entomologist. 

Post  Office,  Express  and  Freight  Station,  Bozeman. 

All  communications  for  the  Experiment  Station  should  be  ad- 
dressed to  the  Director. 

Montana  Experiment  Station, 

Bozeman,  Mont. 

NOTICE — The  bulletins  of  the  Station  will  be  mailed  free  to  any 
citizen  of  Montana  (so  long  as  the  supply  lasts)  ^hQ  sqq4$  bis  name 
and  P.  O.  address  to  the  Station  for  that  purpose^ 


Report  of  Treasurer  of  Board. 


Tne  Experiment  SUUion  qf  the  Agricultural  College  of  the  State  of  Montana  in 
Account  with  The  United  States  Appropriation,  1899-1900  : 


To  Receipts  from  the  Treasurer  of  the  Uaited  States  as  per  appropria- 
tion for  tisoal  year  ending  June  ao,  1900,  as  per  Act  of  Congress 
approved  March  2,  1887 $15,000  00 


By  Salaries $  8.408  47 

Labor 3,082  75 

Publications .  257  84 

Postaff3  and  stationery 140  56 

Freight  and  express 839  16 

Heat,  light  and  water 489  90 

Chemical  supplies 51  16 

Seeds,  plants  and  sundry  supplies 464  36 

Fertilizers 8  50 

Feeding  stuffs 51  98 

Library 26  26 

Tools,  implements  and  machinery 470  77 

Furniture  and  fixtures 129  29 

Scientific  apparatus 860  87 

Live  stock 150  00 

Traveling  expenses 59  80 

Contingent  expenses 10  00 

Total :$15,000  00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts  of 
the  Experiment  Station  of  the  Agricultural  College  of  the  State  of 
Montana  for  the  fiscal  year  ending  June  30,  1900  ;  that  we  have  found 
the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for 
the  year  from  the  Treasurer  of  the  United  States  are  shown  to  have 
been  $15,000,  and  the  corresponding  disbursements  115,000  ;  for  all  of 
which  proper  vouchers  are  on  file  and  have  been  by  us  examined  and 
found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for 
the  purposes  set  forth  in  the  Act  of  Congress  approved  March  2,   1887. 

Attest:  Signed: 

Peter  Koch.  Peter  Koch,         )  a    j-.. 

W.  L.  Hartman.  [  Auditors. 
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BulleUn  No.  28,  s^ Juiy,  1900 

Annual  Report  of  the  Director  for  Fiscal  Year 

Ending  June  30,  1900. 


STATION  STAFF. 

No  changes  have  been  made  in  the  Station  staff,  except  the  pro- 
motion of  Robert  S.  Shaw  from  Assistant  Agriculturist  to  Agricultur- 
ist.    This  change  was  made  at  the  request  of  the  Director. 

FARMERS'   INSTITUTES. 

Interesting  sessions  were  held  at  the  following  places  in  the  winter 
of  1899  and  1900  : 

Miles  City,  Canyon  School  House,  Laurel  and  Park  City,  Gebo, 
Bridger,  Bozeman  and  Great  Falls.  These  sessions,  usually  three  or 
more  in  a  place,  were  conducted  by  the  Experiment  Station  staH,  aid- 
ed by  local  talent. 

Purely  horticultural  meetings  were  conducted  by  Director  Emerj 
and  Prof.  R.  A.  Cooley  at  Holt  and  Kalispell,  Flathead  county. 

There  is  a  miinifest  interest  in  Institute  work  in  the  state,  and 
through  these  meetings  it  is  possible  to  give  to  the  farmers  a  partial 
idea  of  the  various  experiments  that  are  being  conducted  at  the  Station 
for  their  benefit. 

Restricted  as  is  the  Station  by  a  lack  of  funds  from  extended  pub 
lication  of  bulletins  covering  the  work  in  detail,,  farmers'  in^tutes  giv< 
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the  next  best  opportunity  to  present  the  result  of  agricultural  investi- 
gations to  those  who  are  the  most  interested  in  them,  the  farmers  of 
the  state. 

Montana  will  doubtless  soon  copy  the  example  of  the  leading  ag- 
ricultural states  of  the  Union  and  place  this  important  work  upon  a 
sound  financial  basis  by  making  a  sufficient  annual  appropriation  for 
systematically  carrying  on  the  work. 

PRESS  LIST. 

The  following  publications  have  come  regularly  to  th6  Experiment 
Station  in  exchange  for  its  bulletins.  We  hereby  make  public  acknowl- 
edgement of  the  courtesy  thus  shown  to  us  : 


IndepeDdent,  Helena 
inter  MountalD,  Butte 
Missouiiao,  Missoula 
Northwest  Agriculturist,  Minneapolis 
Butcliers*  Advocate,  New  York 
Dorset  Courier,  Washington,  Pa 
Dixie  Miller,  Nashville,  Tenn 
£1^10  Dairy  Report,  Eldin,  III 
Field  and  farm,  Denver,  Col 
Farm  News,  Springtield,  111 
Farm,  Stock  and  Home,  Minneapolis 
Farmers*  Guide,  Huntington,  Ind 
Florists  Review,  Chicago 
American  Gardening,  New  York 
Greenes  Fruit  Grower,  Rochester,  N  Y 
Hoard's  Dairyman,  Ft  Atkinson.  Wis 
]<orester.  Philadelphia,  Pa 
Farm  Journal  Philadelphia,  Pa 
Farm  Student's  Review,  St  Anthony*s 

Park,  Minn 
Holstein  Register,  Brattleboro,  Vt 
Home  and  Garden.  St  Paul,  Minn 
Home  and  Farm,  Louisville,  Ky 
Horticultural  Visitor,  Kidmundy,  111 
Jersey  Bulletifi,  Indianapolis,  Ind 
Irrififation  Age,  Chicago 
£d wards*  Fruit  Grower,  Missoula,  Mont 
The  Farmer,  St  Pan  .  Minn 
Nebraska  Farmer,  Omaha,  Neb 
Rocky  Mountrin  Hnsbandman,  W  hite 

Sulphur  Springs,  Mont 
National  Stockman  and  Farmer,  Pitts- 
burg, Pa 
North  American  Horticulturist,  Mun- 

roe,  Mich 
Wallace's  Farmer,  Des  Moines.  la 
Wisconsin  Agriculturist.  Racine.  Wis 
Western  FruitGrower.  St  Joseph,  Mo 
West  Virginia  Farm  Review.  Charles- 
ton, W  Va 


Farm  and  Poultry,  Boston 
Inter  State  Poultryman,  Tiffin,  O 
American  Poultry  Journal,  Chicago 
Poultry  Keeper,  Parkersburg.  Pa 
Poultry  Monthly,  Albany,  NY 
Poultry  Culture,  Kansas  City,  Mo 
Pacitic  Poultryman,  ^Acoma,  Wash 
Poultry  Herald.  St  Paul.  Minn 
The  Feather,  Washington.  D  C 
Weekly  Sun.  Baltimore,  Md 
The  World.  Vancouver.  B  C 
Avant  Courier,  Bozeman,  Mont 
Belt  Valley  Times.  Beit,  Mont 
Biliiuflfs  Times.  Billings.  Mont 
Pioneer,  Big  Timber,  Mont 
Bozeman  Chronicle,  Bozeman,  Mont 
Inter  Lake,  Kalispell,  Mont 
College  Exponent.  Bozeman.  Mont 
Tribune,  Dillon,  Mont 
Independent,  Glendive,  Mont 
Post.  Livingston.  Mont 
Enterprise,  Livingston,  Mont 
Mining  World,  Butte,  Mont 
Journal,  Milwaukee,  Wis 
Madisonian.  Virginia  City,  Mont 
Northwest  Tribune,  Stevensville,  Mont 
Sentinel,  Boulder.  Mont 
Stock  Growers*  Journal,  Miles  City 
Tribune  Review.  Butte,  Mont 
Tribune,  Great  Falls,  Mont 
Western  News.  Hamilton,  Mont 
Yellowstone  Journal,  Miles  City.  Mont 
The  News.  Miles  City,  Mont 
Carbon  County  Democrat,  Red  Lodge. 

Mont 
Orange  Judd  Farmer.  Chicago 
Park  and  Cemetery,  Chicago 
Rural  New  Yorker.  New  York 
The  Farm  Home,  Springtield,  111 
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Agricultural  Epitomist,  Indianapolis. 

Ind 
Ruralist,  Federalsburg,  Md 
Stockman  and  Farmpi,  Uelona,  Mont 
Garden  and  Farm,  Reed  City,  Mich 
Fergus  County  Demoorat,  Lewidtown 
Field  and  Stream.  N  Y 
Strawberry  Specialist,  KiltrelJ,  N  C 
Western  Swine  Bre<fder,  Lincoln  Neb 
Newfl/Libby,  Mont 
Plainsman.  Plains.  Monto 
Oregon  Agriculturiht,  Portland,  Ore 
Northwest  Horticulturist,  Tacoma.  Wa 
Dispatch,  St  Paul 


Daily  Drovers'  Journal.  Chicago 
Dairy  and  Creamery,  Chicago 
Western  Creamery,  San  Francisco 
1'he  Beet  Sugar  Gazette,  Chicago 
The  Ohio  Farmer,  Cleveland,  O 
Ranch  and  Range,  Spokane,  Waafa 
Farmer's  Tribune.  D^a  Moines,  la 
National  Farmer  and  Stock -Grower, 

National  Stoek^Yards,  III 
Uolstein  Freisian  Register,  Brattle- 

boro,  Vt. 
Wool  and  Sheep  Markets,  Chicago.  Ill 
North  Pacific  Rural  Spirit,  Portland,  O 
Weekly  Chronicle,  San  Francisco 


Respectfully  submitted, 

S.  M.  Emery,  Director. 


Report  on  Horticulture. 


[The  following  abridged  notes  on  horticulture  for  the  year  have 
been  compiled  by  the  Station  from  the  report  of  the  horticulturist,  Di- 
rector S.  M.  Emery :] 

ORNAMENTAL  SHRUB  CULTURE. 

After  three  seasons'  cultivation  at  this  Station  of  the  fifty  varieties 
of  socalled  '*hardy"  deciduous  shrubs  given  below,  we  ,are  able  to 
group  them  roughly  as  follows  : 

I— HARDY. 


Berberis  Canadensis,  American  Barberry.* 

Berberis  vulgaris,  European  Barberry.* 

Berberis  vulfjcai'is  purpurea,  Purple-leaved  Barberry.* 

Cornus  sanguinea,  Crimson  Dogwood.* 

Ligustrum,  White-berried  Privet.* 

Ribes  aureum,  Yellow-flowering  Currant. 

Symphoricarpus  racemosus.  White  Snowberry.* 

Syringa  caerulea  superba,  Lilac. 

Syringa  villosa. 

Syringa  vulgaris,  Louis  Spath. 

Syringa  vulgaris.  Princess  Alexandria. 

Viburnum  opulus  sterilis,  Snowball. 
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II— SEMI -HARDY. 

Berberis  Aquifolia,  Mahonia.** 

Klftsa^ous  longipes,  Sliver  Thorn.** 

UydraD^ia  pauiculata  graodiHora.** 

Lonicera  Tartarica  alba.  While- flowering  Honeysuckle. 

Looicera  Tartarica  grauditlora,  Pink-flowering  Honeysuckle, 

Frunns  triloba,  Double-flowering  Plum. 

P^rus  Japan ica,  Japan  Quince.  Scarlet.** 

Pyrus  Japonica,  Japan  Quince,  Blush.** 

Pyrus  Japonioa.  Japan  Quince,  Rose.** 

Rhus  glabra  laciniata.  Cut-leaved  Sumac.** 

Sumbucus  nigra  aurea,  Golden-leaved  £lder.** 

Sambucus  nigra  laciniata,  Cut* leaved  Elder.** 

Spiraea  Van  Houttei. 

Syringa,  Garland.** 

Syringa,  Golden. 

Syringa,  Large- flowering. 

Tamarix. 

Viburnum. 

Syringa  rothomagensis. 


*Toiing  wood  slightly  winter-killed. 
••Young  wood  half  killed  back  each  winter. 

Ill— POOR  OR  USELESS. 

Caly  can  thus.*** 

Clethra  alnifolia.^ 

Dentzia  gracilis.^ 

Deutzia  scabra.^ 

Deutzia  Pride  of  Rochester.*** 

Euonymus  atropupurens.  Red-fruited  Euonymus. 

Euonymus  Europaeus  fructo-alba.  While-fruited  Euonymus.*** 

Forsythia  Forlunei.*** 

Forsythia  intermedia.*** 

Hibiscus  Syriacus,  White  Althasa.^ 

Kema  Japonica.*** 

Ligustrum  ovalifolium,  California  Privet.^ 

Prunus  Pissardi,  Purple-leaved  Plum. 

Rhus  Cotinus,  Purple  Fringe.^ 

Spirasa  Bumalda.*** 

Spiraea  prnnifolia.^ 

Weigela  Desboisii.^ 

Weigela  P.  Duchartre. 

Weigela  rosea  variegata. 


*^Kllled  down  each  winter. 
^Killed  completely. 

All  of  group  I  will  grow  in  nearly  every  part  of  the  state  except 
the  high  mountains.  Most  of  group  II  will  doubtless  be  found  to 
grow  well  in  the  larger  valleys  west  of  the  Divide,  while  those  in  group 
III  can  hardly  be  expected  to  be  grown  successfully  anywhere  in  the 
state  without  winter  protection. 


•  » 
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EXPERIMENTS  IN  FRUIT  CULTURE. 

APPLE. 
The  older  trees  below  mentioned  have  been  set  out  five  years  and 
all  of  them  at  least  three,  so  that  we  are  able  to  determine  in  general 
their  relative  hardiness  and  the  bearing  qualities  of  a  part  of  this  num- 
ber at  this  Station. 

I— HARDY. 

Little,  if  any,  winter  killed. 

Anisette*  Lonjiffield* 

Bogdanoff  Number  Twelve* 

Ben  Davis  Orel** 

Duchess  of  Oldenburg*  Okabena* 

Gano  Royal  Table** 

Gipsey  Girl  Thompson's  No.  10 

Good  Peasant  Voropesh 

Gideon**  Wealthy** 

Hibernal**  Yellow  Transparent 

I^ad  8  n  Zuzoff 

II— SEMI-HARDY. 

The  annual  growth  is  killed  back  half  or  more  each  winter. 

Alexander  Pewaukee 

Allen's  Choice  Persian 

Charlottenthaler  Plumb's  Cider 

Early  Harvest  Price's  Sweet 

Early  Strawberry  Red  Astrachan 

I.iebe  Scott's  Winter 

Mcintosh  Red  Tetofsky 

McMahon's  White  Walbridge 
Northern  Spy 

:  (      —POOR  OR  WORTHLESS. 

Almost  or  completely  killed. 
Red  Queen  Salome 


•Kot  bearing. 

••Fralt  feU  off  before  maturity. 


i 


CRABS. 


AH  these  except  Whitney  and  Orange  are  hardy   at  this  Station. 

Those  starred  (*)  are  now  bearing;  the  Martha  bloomed  but  bore  no 

fruit. 

Bailey's  Crimson*  Pride  of  Minneapolis* 

Florence  Russet  Crab* 

Greenwood*  Transcendent* 

Hyslop*  Whitney  No.  20 

Martha  White  Arctic 
Orange* 
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PEARS. 

A  number  of  varieties  have  been   tried   but   none   found  hardy  at 

this  Station. 

CHERRIES. 

Here,  at  least  half  of  each  annual  growth  is  winter-killed  and  no 
fruit  has  been  borne  after  six  years'  trial  of  the  three  varieties  below  : 

Bessarabian  ,  Sklanka 

Griotte  du  Nord 

PLUMS. 

Weaver.  DeSoto  and  Forest  Garden — New  growth  half  winter- killed  and  the 
iruit  set  freezes  before  maturity. 
Yellow  Voronesh — No  fruit  set. 
Moldavka—Uardy  and  fruit  matured  this  season, 

A  new  orchard  containing  125  varieties  of  fruit  trees,  five  of  each, 
was  set  out  in  1899  and  is  in  process  of  being  tested  as  to  the  relative 
hardiness  and  bearing  qualities  of  the  several  varieties.  Also  in  the 
spring  of  1900  root-grafts  were  made  of  some  200  different  varieties,  40 
to  100  of  each,  and  these  will  be  tested  in  the  same  way  in  order  to  de- 
termine their  hardiness  in  this  climate. 

Studies  are  being  made  in  the  causes  of  the  bursting  of  the  stems 
and  twigs  of  fruit  trees  during  the  sudden  changes  of  temperature  in 
the  winter  and  the  effect  of  late  irrigation,  subsequent  pruning  and 
transplanting  the  following  spring  in  preventing  such  bursting  or  in 
saving  the  trees  affected,  but  the  data  at  hand  seem  hardly  to  warrant 
definite  conclusions. 

An  attempt  has  also  been  made  to  determine  the  relation  between 
the  relative  maturity  of  the  terminal  buds  at  the  beginning  of  winter 
and  the  hardiness  of  the  variety;  and,  in  general,  it  would  seem  that 
the  more  hardy  apples  and  crabs  mature  their  wood  and  terminal  buds 
earlier  than  the  less  hardy  varieties,  but  there  seems  to  be  little  or  no 
correspondence  between  bud-maturity  and  the  bark-bursting  of  the 
stems  and  twigs. 

The  Station  has  had  a  curious  experience  in  transplanting  certain 
apple  trees,  in  which  ten  apparently  healthy  trees  remained  an  entire 
season  dormant  and  did  not  put  forth  leaves  till  the  following  spring. 
Eight  of  these  trees  subsequently  died,  but  the  other  two  are  healthy 
and  have  since  made  vigorous  growth. 
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In  the  spring  of  1900  an  experiment  was  made  in  planting  by  the 
Stringfellow  system.  Eighty-nine  trees  of  the  Wealthy  and  Alexander 
apple — mainly  one-year  grafts  in  two-  and  three-year  stocks — ^were  set 
out  by  this  method.  All  side  roots  were  cut  back  close  to  the  tap-root, 
the  latter  itself  shortened  to  six  or  eight  inches  and  the  stems  cut  to 
about  twelve.  These  were  then  planted  with  a  crowbar  in  clean,  mel- 
low soil  and  iirigated  twice  before  July  i;at  that  date  about  18  per  cent, 
of  the  trees  were  dead,  56  per  cent,  were  in  good  condition  and  the  rest 
weak.  The  fact  that  75  per  cent  of  the  dead  trees  are  the  Alexander 
would  indicate  a  marked  difference  in  the  ability  of  the  different  varie- 
ties to  withstand  this  treatment. 


Report  of  the  Agricultunst. 


To  the  Director: 

I  herewith  submit  my  report  for  the  year  ending  June  30,  1900: 

The  work  of  this  department  comprised  a  continuance  of  tests 
with  varieties  of  wheat,  oats,  barley,  potatoes,  grasses  and  forage  and 
fodder  plants.  The  third  season's  work  of  the  six  year  rotation  test 
was  also  carried  out.  Live  stock  feeding  tests  with  cattle,  sheep  and 
swine  were  made  during  the  winter  season.  In  addition  to  this  there 
was  the  work  of  supervision  of  farm  labor  and  direction  of  the  general 
farm  work  and  improvement. 

Sixty-seven  varieties  of  spring  wheat,  forty-eight  of  oats  and  twen- 
ty-five of  barley  were  grown  in  plats.  These  consisted  of  the  ones 
tried  the  previous  year  with  a  few  additions.  Owing  to  the  fact  that 
these  varieties  were  tested  in  '98  under  the  ''Campbell  system,"  as  de- 
scribed in  the  Sixth  Annual  Reyort,  and  in  '99  under  general  farm  cul- 
ture methoes,  the  work  of  selection  was  greatly  impeded.  The  com- 
parative results  were  as  follows  : 

By  Campbell  system  in  '98 — 

Average  yield  per  acre  from  66  varieties  spring  wheat,  32.41  bu. 
Average  yield  per  acre  from  46  varieties  oats,  33. 1 1  bushels. 
Average  yield  per  acre  from  26  varieties  barley,  27.05  bushels. 
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By  general  farm  culture  method  in  '99 — 

Average  yield  per  acre  from  67  varieties  spring  wheat,  43.84  bu. 

Average  yield  per  acre  from  48  varieties  oats,  72.54  bushels. 

Average  yield  per  acre  from  25  varieties  barley,  50.86  bushels. 

We  conclude  that  the  Campbell  system  will  not  compete  with 
methods  of  irrigation,  though  it  may  hold  an  important  place  in  crop 
production  in  arid  regions  Where  water  is  not  available. 

As  the  result  of  the  variety  testing  of  '99  several  each  of  the  wheat, 
oats,  barleys  and  potatoes  were  found  to  possess  valuable  qualities  un- 
der our  state  conditions  and  were  selected  for  increase  and  subsequent 
distribution.  The  testing  of  grasses,  both  with  and  without  irrigation, 
was  continued.  This  work  must  necessarily  continue  throughout  sev- 
eral seasons  before  reliable  results  can  be  Secured. 

The  yields  from  the  rotation  acreage  for  '98  were  : 

Acre  of  wheat,  52  J  bushels. 

Acre  6f  oats,  78  bushels. 

Acre  of  barley,  68  bushels. 

Acre  of  clover,  3090  lbs.  hay. 

Acre  of  peas,  grain,  2070  lbs. 

Acre  of  peas,  straw,  3360  lbs. 

Acre  of  sugar  beets,  15631  lbs. 

So  far  as  the  test  has  progressed  we  find  very  little  fluctuation 
from  year  to  year,  even  though  the  cropping  is  continuous.  Owing  to 
different  climatic  conditions  from  year  to  year,  and  the  effect  of  these 
on  the  mechanical  condition  of  the  soil,  its  water  content,  evaporation, 
etc.,  the  producing  power  of  these  six  acres  cannot  be  estimated  until 
the  expiration  of  the  six  years.  We  can  c(>nclude  now,  however,  that 
where  the  grain  crops  follow  peas,  clover  and  cultivated  crops,  the 
yields  are  fully  as  good  as  those  secured  after  summer  fallowing.  That 
while  this  six  year  rotation  may  succeed  in  maintaining  soil  fertility  a 
shorter  one  will  be  more  practical  for  the  Montana  farmer. 

The  results  of  the  live  stock  feeding  tests  have  already  been  re- 
ported in  Bulletin  No.  27.  The  object  of  this  work  was  to  obtain  data 
relating  to  the  use  of  legumes  as  fattening  foods.  The  growth  of  these 
in  Montana  is  increasing  at  a  marvelous  rate.  Where  clover  succeeds 
best  it  is  rapidly  superseding  the  summer  fallow.  All  feeding  work 
has  been  carried  on  with  a  view  to  stimulating  winter  feeding  and  thus 
secure  the  greatest  possible  return  from  the  clover  and  alfalfa  produced. 
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The  results  from  fattening  steers  showed  : 

(i;.  That  good  results  can  be  secured  from  clover  with  a  mini- 
mum amount  of  grain. 

(2)  That  a  small  amount  of  barley  meal  fed  to  steers  along  with 
clover,  not  exceding  one-half  to  three-quarters  of  a  pound  of  meal  per 
one  hundred  pounds  of  live  weight  of  cattle  each  day,  will  greatly  add 
to  the  gains  and  quality  of  meat  produced.  Any  excess  above  this 
amount  will  not  give  a  proportionately  greater  gain  and  will  materially 
add  to  the  cost  of  production. 

(3).  That  in  selecting  steers  of  the  best  type  it  is  essential  to  use 
only  those  of  the  beef  breeds.  '  Those  of  the  beef  type  made  a  gain  of 
2.55  pounds  per  day  as  compared  with  a  gain  of  1.73  pounds  from  the 
untypical  ones  on  the  same  feed.  The  best  type  produced  100  pounds 
increase  at  a  cost  of  $4.84,  while  the  same  increase  from  untypical 
ones  cost  $5. 55  per  cwt. 

(4).  That  with  high,  dry  feeding  grounds  and  constant  access  to 
water,  with  straw  sheds  for  shelter,  good  returns  can  be  made  from 
fattening  steers. 

Results  from  fattening  sheep  showed  : 

(i).  That  the  less  expensive  or  damaged  grain  can  be  used  to 
good  advantage  along  with  clover. 

(2).  That  first-class,  marketable  grains  increase  the  cost  of  pro- 
duction too  much  if  used  in  large  quantity. 

(3).     That  clover  alone  will  give  good  results  without  any  grain, 

(4).  The  best  results  from  increase  and  quality  are  obtained  from 
clover  and  a  limited  amount  of  grain. 

(5).  That  after  harvest  sheep  will  clean  the  ranch,  utilizing  the 
waste  material,  thus  adding  to  the  profits. 

Results  from  fattening  swine  showed  : 

(i).  That  sugar  beets  are  a  valuable  adjunct  to  use  along  with 
grain.     They  diminish  the  cost  of  production  and  .improve  the  quality 

of  the  meat. 

(2).     That  access  to  alfalfa  will  aid  in   the   fattening,  but  should 

not  be  forced  into  the  ration. 

(3).  That  a  straight  grain  ration,  though  it  produces  a  rapid 
gain,  is  an  expensive  method  of  producing  pork. 

(4  .  That  grains  seldom  reach  a  market  value  in  Montatia  at 
which  they  cannot  be  marketed  to  equal  advantage  in  the  form  of  pork. 
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What  has  been  said  of  clover,  as  used  throughout  these  experi- 
ments, applies  in  much  the  same  way  to  alfalfa. 

In  addition  to  the  feeding  tests  already  mentioned,  the  first  of  a 
series  of  pasturage  experiments  was  smarted  on  June  9th,  1900. 

By  way  of  improvement  the  two  roads  intersecting  the  farm  were 
graded  to  provide  dry  and  solid  driveways  at  all  times,  but  more  espec- 
ially during  the  irrigation  season.  A  small  portion  of  swampy  land 
near  the  Station  buildmg  was  reclaimed  by  drainage  and  grading  and 
other  ditches  opened  up  on  another  tract  preparatory  to  laying  drains. 
Some  eight  or  ten  acres  of  the  Station  farm  will  have  to  be  reclaimed 
in  this  way. 

Methods  of  cultivating  and  cropping  were  also  brought  into  use 
for  the  purpose  of  determining  an  economical  system  of  weed  eradica- 
tion and  at  the  same  time  receive  some  crop  return  from  the  land  so 
infested.  The  progress  of  this  work  will  be  reported  on  from  time  to 
time.  Respectfully  submitted, 

R.  S.  Shaw,  Agriculturist. 


Report  of  the  Chemist. 


Bozeman,  Montana,  June  30,  1900. 
Mr.  S.  M,  Emery y  Director  Montana  Experiment  Station  : 

Dear  Sir  : — Following  is  a  brief  report  of  the  work  of  my  depart- 
ment for  the  fiscal  year  just  ended : 

In  all  we  have  made  three  hundred  and  twenty  analyses  during 
the  year. 

The  work  on  alkali  soil  and  sugar  beets  has  been  continued  with 
results  supporting  previous  determinations. 

Analyses  of  the  ash  of  plants  particularly  of  alfalfa  hay,  grown  on 
alkali  land  and  on  land  free  from  alkali,  have  shown  that  large  quanti- 
ties of  the  typical  alkali  salts  are  removed  with  the  crops. 

As  much  as  ten  times  the  amount  existing  in  ordinary  hay  has 
been  found  to  be  present  in  hay  harvested  from  alkali  soil. 

Tables  of  analyses  showing  the  relations  of  ash  in  hays  from  var- 
ious localities  are  being  prepared  for  publication. 

Analyses  of  waters  used  for  irrigation  and  for  watering  live  stock 
are  still  being  made  and  the  result  will  be  published  soon. 
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A  large  number  of  eggs  have  been  analyzed  for  the  poultry  depart- 
ment to  determine  whether  there  is  a  definite  increase  in  the  two  im- 
portant food-principles  of  the  egg  when  the  hen  is  carefully  fed,  and 
whether  different  foods  affect  the  character  of  the  egg.  These  analyses 
will  appear  in  the  forthcoming  bulletin  on  Poultry  Feeding. 

The  various  insecticides  on  sale  in  the  state  so  far  as  collected  have 
been  shown  to  be  without  exception  remarkably  pure  and  all  above 
the  fifty  per  cent,  arsenious  acid  content  adopted  by  many  states  as  the 
legal  minimum. 

The  examination  of  twigs  of  apple  trees  undertaken  at  your  sug- 
gestion has  failed  thus  far  to  discover  any  chemical  differences  between 
hardy  and  non -hardy  trees. 

On  the  other  hand  a  remarkably  large  quantity  of  soluble  food 
was  found  to  be  present  in  the  twigs  and  long  after  sap  motion  must 
have  ceased,     This  point  will  be  studied  further  next  fall   and  winter. 

The  examination  of  foods  for  adulteration  is  still  being  carried  on 
and  the  work  is  being  expanded  so  as  to  ultimately  include  all  kinds  of 
human  food.  This  investigation  is  made  possible  by  the  funds  kindly 
placed  at  my  disposal  for  the  collection  of  samples  by  the  Houa  J.  H. 
Calderhead,  Commissioner  of  Agriculture,  Labor  and  Industry. 

The  usual  miscellaneous  and  routine  work  has  been  carried  on. 

Mr.  Cobleigh  has  been  unable,  on  account  of  increased  College 
work,  to  give  any  assistance  whatever  in  the  Station  laboratory. 

Mr.  Burk  has  given  considerable   aid,    particularly   in  the  routine 

work.  Yours  truly, 

F.  W.  Traphagen. 

Report  of  the  Botanist. 

Bozeman,  Montana,  June  30,  1900. 

Prof.  S.  M,  Emery,  Director  Montana  Agricultural  Experiment  Station  : 

Dear  Sir: — I  herewith  submit  my  report  as  Botanist  of  the  Station 

for  the  year  ending  this  date  : 

The  field-work  for  the  summer  of  1899  was  mainly  devoted  to  the 
study  of  the  weeds,  the  parasitic  fungi,  the  forest  and  shade  trees,  the 
forage  plants  and  grasses,  and  the  alkali  plants  of  the  state.  Notes  as 
to  the  distribution  and  economic  importance  of  the  plants  in  these  sev- 
eral groups  were  made  and  collections  obtained  to  insure  their  identifi- 
cation. The  data  has  mainly  been  collected  in  the  form  of  card- indexes 
so  as  to  be  readily  available  in  the  preparation  of  bulletins. 


Bulletin  28.  SEVENTH  ANNUAL  REPORT.  15 

There  are  78  species  of  plants  which  are  sufficiently  abundant  and 
troublesome  in  this  state  as  to  be  called  weeds,  and  of  these  about  one 
dozen  do  most  of  the  damage  to  growing  crops.  .  These  weeds  are  very 
irregular  in  their  distribution  over  the  state,  some  sections  being  nearly 
free  from  certain  troublesome  species,  while  other  parts  are  badly  in- 
fested. A  knowledge  of  these  more  dangerous  introductions  will  serve 
to  prevent  their  spread  to  other  localities  yet  free  from  them  and  means 
may  be  found  for  exterminating  them  in  the  regions  already  occupied, 
as  has  largely  been  done  in  the  case  of  the  Russian  thistle. 

About  125  species  of  parasitic  fungi  have  been  collected  and 
named  and  this  work  will  be  continued  during  the  present  season,  but 
books  and  exsiccatae  are  badly  needed  for  the  determination  of  these 
groups,  many  of  which  are  of  the  highest  economic  importance.  A 
card  index  has  been  made  of  the  species  heretofore  reported  from  this 
state,  both  of  the  parasites  and  of  the  host  plants. 

A  beginning  in  the  study  of  the  forestry  of  the  state  was  made  this 
year.  Specimens  have  been  collected  and  notes  made  of  the  distribu- 
tion of  the  forest  trees,  as  far  as  possible,  and  one  trip  was  made  to  the 
western  part  of  the  state  in  this  work  and  that  connected  with  weed 
distribution.  Studies  in  the  cottonwoods  of  the  state  have  been  under- 
taken with  the  hope  of  securing  more  suitable  varieties  for  shade  trees, 
as  we  are  nearly  limited  to  this  group  for  such  cultivation  in  this  state. 
An  effort  is  being  made  to  attempt  the  introduction  of  the  elm  of  the 
eastern  United  States  and  it  may  possibly  serve  in  certain  favored  lo- 
calities to  take  the  place  of  the  cottonwoods.  A  large  part  of  the  pres- 
ent summer  will  probably  be  devoted  to  the  study  of  the  forest  condi- 
tions of  the  state  and  the  relation  of  climate  to  the  abundance  and  geo- 
graphical distribution  of  the  species. 

An  attempt  was  made  last  summer  on  the  Flathead  reservation  to 
learn  the  plants  utilized  by  the  Indians  for  food,  medicine  and  other 
purposes,  as  well  as  those  regarded  as  poisonous,  and  this  work  will  be 
continued  as  opportunity  offers  in  the  hope  that  we  may  learn  more  of 
the  possible  utilities  of  our  native  plants  and  the  part  they  played  in 
the  domestic  economy  of  the  native  races  before  the  advent  of  civili- 
zation. 

A  number  of  articles  designed  to  be  of  benefit  to  the  agricultural 
public  have  been  prepared  and  published  in  the  press  of  the  state.  A 
large  number  of  letters  of  inquiry  about  injurious  insects  have  been  re- 
ceived and  answered.  Some  of  the  letters  have  brought  to  my  notice 
outbreaks  of  insects  which  I  have  gone  personally  to  investigate. 
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Last  summer  also,  a  test  was  made  in  the  acclimation  of  some  26 
species  of  foreign  plants,  furnished  us  by  the  Department  of  Agricul- 
ture, but  owing  to  the  lateness  of  the  season  and  the  accidental  de- 
struction by  stock  of  most  of  the  crop,  definite  results  were  not  secured. 

There  is  still  pressing  need  for  more  room  to  provide  for  the  nat- 
ural expansion  of  this  department  and  a  separation  of  the  work  of  tlie 
College  from  that  of  the  Station.  It  is  also  hoped  that  sufficient  funds 
may  be  secured  to  enable  the  botanist  to  be  in  the  field  the  whole  sum- 
mer, as  this  field-work  must  furnish  the  basis  for  all  studies  and  inves- 
tigations in  this  department  and  the  state  of  Montana  is  so  large  and 
the  conditions  in  its  different  sections  so  diverse  that  it  is  only  by  per- 
sonal inspection  that  accuracy  and  efficiency  in  this  work  can  be  at- 
tained. Respectfully, 

J.  W.  Blankinship. 


Report  of  Biologist  and  Entomologist. 


7o  Direct  ox  S.  M,  Emery: 

Dear  Sir  : — During  the  past  year,  which  was  my  first  year  of  con- 
nection with  the  Experiment  Station,  much  time  has  necessarily  been 
spent  in  getting  acquainted  with  the  conditions  and  needs  of  this  vast 
state.  Particular  attention  has  been  given  to  learning  what  insects  are 
cansing  the  most  injury  to  agricultural  products.  It  has  been  found 
that  the  worst  fruit  insects  of  other  parts  of  the  United  States  have  not 
yet  found  their  way,  to  any  great  extent  at  least,  into  our  orchards.  As 
regards  fruit  insects,  therefore,  it  becomes  a  problem  of  keeping  the 
orchards  free  rather  than  one  of  devising  methods  for  fighting  insects 
already  present. 

An  illustrated  bulletin  of  about  sixty  pages  on  '^Injurious  Insects, 
Insecticides,  Insecticide  Apparatus, "  is  now  in  press.  This  bulletin 
is  designed  to  furnish  the  fruit  grower  with  much  needed  information 
on  insects  in  the  state  and  those  liable  to  be  introduced  and  remedies 
to  be  employed  against  them.  Future  bulletins  will  be  smaller  and 
will  treat  of  more  specific  subjects. 

A  great  deal  of  time  and  thought  has  been  devoted  to  my  duties  as 
Inspector-at-Large  to  the  State  Board  of  Horticulture.  The  trips  in 
the  state  in  connection  with  this  work  have  made  necessary  nearly  five 
thousand  miles  of  travel. 
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Many  notes  have  been  taken  which  will  be  of  value  in  my  future 
work.  Nine  addresses  have  been  given  at  institutes  and  before  horti- 
cultural meetings. 

The  preparation  of  a  card  catalogue  indexing  important  literature 
of  economic  insects  has  been  begun  and  is  already  of  great  service. 
The  catalogue  now  contains  nearly  five  thousand  cards.  It  is  purposed 
to  bring  this  catalogue  as  rapidly  as  possible  up  to  date,  and  then  add  to 
it  as  fast  as  literature  is  received.  Respectfully, 

R.   A.   COOLEY. 

Report  of  Manager  of  Poultry  Department. 

The  following  brief  report  of  this  department  is  here  given  in  lieu 
of  the  longer  report  prepared  by  Director  S.  M.  Emery,  since  much  of 
the  latter  is  included  in  Bulletin  No.  26. ' 

This  department  acknowledges  with  thanks  the  following  donations: 

1.  An  incubator.     The  Cyphers  Incubator  Co.,   Wayland,   N.  Y. 

2.  Nine  settings  of  eggs  of  White  Wyandottes,  Brown  Leghoyns 
and  Light  Brahmas,  from  Riverside  Poultry  Co.,  Toston,  Mont.,  Mrs. 
S.  S.  Huntley,  manager. 

Incubation  proved  quite  successful  this  season,  the  first  hatch  of 
the  Cyphers  incubator  giving  92%  of  fertile  eggs.  In  order  to  increase 
facilities  for  breeding  stock  and  to  afford  room  for  experimental  work  a 
poultry  house  14x72  was  built  at  a  cost  of  $475.  This  building  was 
very  carefully  designed  and  possesses  all  the  practical  features  of  an 
up-to-date  poultry  building.  It  is  divided  into  6  pens  10x12  feet,  with  a 
four  foot  passageway  running  along  rear.  Sub-apartments  correspond- 
ing to  pens  above  serve  as  a  dusting  shed.  These  open  toward  the 
south.  Walls  of  the  building  are  double;  on  either  side  of  the  studding 
is  a  double  layer  of  lumber  with  tarred  paper  between.  Six  ventilators 
carry  off  foul  air,  and  twelve  windows,  two  in  each  pen,  30x36  inches 
afford  the  necessary  light.  The  building  was  completed  for  use  Jan. 
15,  1900. 

In  February  three  breeding  pens,  consisting  of  six  hens  and  a 
cockerel  each  of  White  Wyandottes,  Barred  Plymouth  Rocks  and 
Brown  JLeghorns,  were  purchased  from  best  sources  in  the  east. 

In  April  a  brooder  house,  14x36  feet,  for  incubator  chicks  was  con- 
structed at  a  cost  of  $65.  This  house  is  divided  into  seven  brooder 
apartments  and  will  accommodate  350  chicks.  Walls  of  this  building 
are  single,  made  of  rough  lumber,  tar-paper,  and  drop-siding  on  out- 
side of  studding.  During  March,  April  and  May  some  experiments 
were  conducted  with  a  view  to  determine  the  effect  of  different  ration 
iipon:  I.  Egg  production.  2.  Percentage  of  fertile  eggs  and  dead 
germs.  3:  Food  value  of  egg.  The  results  furnished  some  interest- 
ing and  instructive  statistics  which  will  be  presented  in  a  bulletin  in 
course  of  preparation.  Respectfully  submitted, 

Henry  C.  Gardiner,  M'gr.  Poultry  Department. 
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Report  of  Irrigation  Engineer. 


Bozeman,  Montana,  July  30,  1900. 
S.  Af,  Emery y  Director  Montana  Experiment  Station  : 

Dear  Sir  \ — I  take  pleasure  in  submitting  the  following  brief  re- 
port on  the  work  of  the  Irrigation  Department  during  the  past  year  : 
^       The  Executive  Board  has  been  considerate  enough  to  free  me  from 
part  of  my  duties  as  instructor  to  College  classes  and  I  have  thus  been 
enabled  to  devote  more  time  to  the  many  sided  subject  of  irrigation. 

The  irrigation  investigations  have  been  conducted  under  three  sep- 
arate and  distinct  departments.  On  account  of  the  earnest  efforts  of 
the  friends  of  irrigation  among  the  members  of  the  last  legislature  an 
approgriation  of  $1000  a  year  for  two  years  was  granted  for  the  purpose 
of  (Collecting  additional  information  regarding  the  water  supply  and  ir- 
rigation interests  of  this  state;  all  moneys  so  appropriated  were  to  be 
expended  under  the  authority  and  direction  of  the  governing  boards 
and  officers  of  this  Experiment  Station. 

More  than  a  year  ago  an  agreement  was  made  with  Professor  El- 
wood  Mead,  in  charge  of  irrigation  investigations  for  the  office  *of  Ex- 
periment Stations,  United  States  Department  of  Agriculture,  that  I 
should  act  as  his  agent  in  performing  experiments  on  the  duty  of  water 
in^^Montana  and  collecting  such  data  as  would  be  of  value  in  improving 
the  present  methods  of  distributing  and  applying  water  and  in  devising 
more  suitable  laws  that  would  lessen  the  controversies  over  water-rights. 
.  About  the  same  time  arrangements  were  also  made  with  Mr.  F.  H. 
Newell,  chief  of  the  hydrographic  division  of  the  United  States  Geo- 
logical Survey,  that  I  should  have  charge  of  the  measurement  of  the 
streams  of  Montana,  supervise  the  labors  of  the  various  river  observers 
and  prepare  a  paper  for  the  Geological  Survey  on  the  conveyance  of 
water  in  canals,  flumes  and  pipes. 

The  results  of  my  experiments  and  investigations  on  the  duty  of 
water  in  this  State  are  now  being  printed  with  other  reports  from  va- 
rious western  states  under  the  direction  of  Director  True  of  the  office 
of  Experiment  Stations,  and  arrangements  nave  been  made  with  him 
to  print  6000  extra  copies  of  my  report  as  a  bulletin  of  the  Montana 
Experiment  Station  for  distribution  in  this  state. 

My  paper  of  about  eighty  pages  on  the  conveyance  of  water  is  also 
being  printed  by  the  United  States  Geological  Survey  and  Mr.  Newell 
has  kindly  given  his  consent  to  print  6000  extra  copies  for  distribution 
in  this  state  as  an  Experiment  Station  bulletin. 

Respectfully,  S.  Fortier, 

Irrigation  Engineer. 


LIST  OF  BULLETINS 

ISSUED  BY 

Ijlontana  |(gricultural  jp^periment  Station. 

BOZBMAN,  March,  1894— July,  1900. 


n 
n 

n 

n 
n 
u 


Bulletin  No.  1— March,  1804.    Organization.    AnnonncemenU.    S.  M.  Emery. 
"  No.  2— May,  1804.    Smut  of  Wheat.  Oats  and  Barley.    Luther  Foster. 

"  No.  8— ^une.  1804.    Pig  ^'eeding.    Luther  Foster. 

"       *  No.  4— June,  1874.    Gliinders.    W.  L.  Williams. 

No.  5— February  1,  1805.    First  Annual  Report.    S.  M.  Emery. 

No.  6~June,  1805.    M^jRSurement  of  Water.    A.  M.  Ryon. 

No.  7— June  1, 1805.  'Sm^l  Grains  and  Potatoes.    Luther  Foster. 

No.  8— July  1,  1805.    Second  Annual  Report.    S.  M.  Emery.    Parasitic 

Ictero-UaBmaturia  of  Sheep.    W.  L.  Williams. 
No.  0— April,  1806.    J*otatoefl.    Luther  Foster. ' 
No.  10— June,  1806.    Small  Grains.—Wheat,  Oats  and  Barley.    Luther 

Foster. 
No.  11— June,  1806.    Devices  for  Obtaining  a  Constant  FJiow  in  Laterals 
with  Variable  Heads  in  the  Aiain  Canals  or  Reservoirs.    A.  M. 
Ryon. 
No.  12— September,  1806.    Third  Annual  Report.    S.  M.  Emery.     The 

Spaying  of  Mares.    W.  L.  Williams. 
No.  13— February,^  1807.    Drinking  Water.    F.  W.  Trapbagen. 
No.  14— June,  1807.    Montana  Swine  Feeding.    Frank  Beach. 
No.  15— July,  1807.    Larkspur  Poisoning  of  Sheep.    E.  V.  Wilcox. 
''  No.  16— February.  1808.    Fourth  Annual  Report.    S.  M.  Emery. 

'♦  No.  17— April.  1808.    The  Grain  Aphis.    E.  V.  Wilcox.    An  Army  Cut- 

worm.   E.*^V.  Wilcox. 
No.  18— June.  1808.    The  Alkali  Soils  of  Montana.     F.  W.  Traphagen. 
No.  10— October,  W&S.    The  Sugar  Beet  in  Montana.  F.  W.  Traphagen. 
No.  20-Augu8t.  ia08.    Fif;pi  Annual  Report.    S.  M.  Emery. 
No.  21— May,  1800.    Sheep- Feeding.    R.  S.  Shaw. 
No.  22-  June.  1800^    The  Resistance  of  Strawberries  to   Frost.    Potato 
Scab.    Treatment  of  Seed  Oats  for  Smut.    Losses  caused   by 
the  Grain  Aphis.    Roup  of  Chickens.     The  Internal  Chicken 
Mite,    l^upines  as  Plants  P(»isonous  to  Slock.     Cattle   Poison- 
ing by  tb&.Tall  Larkspur.    Poisoning  of  Stock  by   the    Water 
Hemlock.^  Ergof^m   in  Horses.    The  Poisoning  of  Cattle  by 
Smutty  Oat  Hay.    List  of  Plants  of  Known  or  Suspecte«1  Pois- 
onous Properties  which  Occur  Within  the  State.    Some  Native 
Forage  Plants  of  the  State.    E.  V.  Wilcox, 
No.  23— May.  1000.V  Injurious  Fruit  Insects.    R.  A.  Cooley. 
No.  24— July.  1800.    Sixth  Annual  Report.    S,  M   Emery. 
No.  25— April.  1000.    Paris  Green  and  London  Purple  in    Montana.    F. 

W.  Traphagen. 
No.  26— April,  1000.    Poultry  Raising.    H.  C.  Gardiner. 
No.  27— April.  1000.    Live  Stock  Feeding  Tests.  Beef  Cattle,  Lambs  and 

Swine.    R.  S.  Shaw. 
No.  28— July,  1000.    SevQpth  Annual  Report.    S.  M.  Emery. 


»» 


If 

t» 

»l 


20  THE  MONTANA  EXPERIMENT  STATION. 


INDEX 


sttxjX^s'txsts  X  to  2e, 


1 


The  bulletin  numbers  appear  in  black  type,  larger  than  the 
ordinary  type  in  which  page  numbers  are  set. 


Alfalfa,  21:10.  11.  24:120,  28:13.  Catarrh,  acute  nasal  in  horses,  4-94. 

Alkali,  18:21-50,19:70.  Catarrh,  chronic  nasalin  horses,    4:95. 

Alsilse.  21:10.  Catarrhal  Fever  in  horses,  4:94. 

Analysis;  see  ^'Chemical  Composition  "  Cattle,  feedinpr,  3:47.  19:08,  27:3  10. 

Anntjal  Reports,  5.8,12.16.20.24.28.  Cattle.  Poisoning  by  Larkspur, 22 .45-47. 

Aphis.  Apple  Plant  Louse,  23:92.  Cattle  Polsoninf^  by  Smutty  Oat    Hay, 

Aphis,  Grain,  17:8,  22:25.  22:51. 

Aphis,  Woolly,  of  Apple,  23:89.  Chemical  Composition  of 

Apple,  8:201,  12:75.  79,    16:85,    20:98.  Alkali,  18:28-47. 

24:127,  135,  28:8.  Barley,  7:184. 

Aople  Plant  Louse,  23:92.  Brid^er  Limestone,  19:89. 

Apple-tree  Borer,  Flat-headed.  23:77.  Drinkint^- water,  13:3-15. 

Apple-tree  Borer,  Koand-headed, 23:75.  Feeding  Stuffs,  3:41-43. 

Apricot,  8:202.    12:77,    16:88,    20:101.  London  Purple,  25:3-7. 

24:186.  Potatoes,  7:186. 

Army  Cut-worm.  17:10-18.  Soil,  7:175,  19:64. 

Arsenate  of  Lead  for  Spraying,  23:102.  Sngar  Beet,  19:69. 

Arsenite  of  Lime  for  spraying,  23:104.  Wheat.  7:179,  10;a5. 

Barkburstinj?  of  fruit  trees,  28:9.  Cherries,  8:202,  12:77,    16:87,  20:100. 

Bark -louse,  Oyster-sheli;  23:85.  24:36,  28:9. 

Barlcyv  analysis  of,  7:184.  Chicken  Mite,  internal,  22:80. 

Barley  of  Gallatin  Valley,  20:112.  Chicks,  26:6. 

Barley,    varieties  of,  7:183,    10:37,  39,  Cippoletti  Measuriog  Weir.  6:158. 

24:149.  Clover,  12:66,  21-11,24:119.  120,28:12. 

Beet  for  su|rar,  19:53  90.  Codling  Moth,  23:64-69. 

^eet^^gar,  19:54-59.   ,  Corrosive  Sublimate  for  potato  scab,  7 

BligHjto'  Apples  and  crabs,  20:103,  187,  9:22,  12:104. 

Bordeaux  Mixture  for  spraying,  23:106.  Cows,  Feeding  of,  3:48. 

BulleUns,  5:140,  8:290.  12:73,  16:69,  Crab-apples,  12:76,  16.87,  20:100,  24 

20:111,24:121'.  28:19.  127,  136,  28:8. 

Buildings;  see  **Farm    Improvements."  Crop  Statistics,  5:135,8:195,  196,  12:64 

CampMl  System  of  soil  culture,  24:146  16:61.  20:117,  24:124,  28:10,  11. 

28:11.  Culture;  see  under  the  several  subject 

Carceag,  8:212^20.       '  Curculio  of  Plum.  23:78. 
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Currant,  8:302;  see  also  ''Small  Froits.'*  Fertilizers,  5:184.  8:194. 

Currant  Flies,  23:97.  Field  I'eas;  see  'Tea." 

Cut-worm,  army,  17:10-18.  Flat-headed  Appletree  Borer.  23:77. 

Departments;   see  under  several  beads.  Foods,  Cooked  vs.  Uncooked,  3:60. 

Devices  for  obtaining  a  constant  flow  of  for  Dairy  Cows,  3:48. 

water  in  laterals,  11:49  58.  Farm  Animals,  3:47. 

Diagnosis  of  Glanders  in  Horses,  4:89-  Sheep,  21:7,  27:1214. 

91,  96-105.  Steers,  27:5. 

Diseases;  see  under  the  heads  of  Cattle,  Preparation  of,  3:58. 

Chickens,  Horses,  ^Plants,   Sheep  and  Wet  vs.  Dry.  3 -^59. 

Swine.  Forage  Plants,  native,  8:206,  22:54. 

Donations,  5  189.  8:199,   12:71.    16:68.  Forestry.  20:96  98. 

Dormant  Trees,  24:32,  28.9.  Frost  and  Freezing,  aflfecting  fruit  trees. 

Drinking  Water,  analysis  and   purifica-  16:7982,  22:17,  28:9. 

tion,  13:315.  Frost  Resistance  of  Strawberries,  22 :17- 

Duty  of  Water,  6:151.  21. 

EffecU  of  Alkali  upon  vegetation,    18:  Fruit  trees.  Bark  bursting  of,  28.9. 

26  28.  Insect  Enemies  of, 23:64- 102 

Egg  Analysis,  26:24.  Fruit- worm  of  the  Gooseberry,  23:62. 

Fertility,  26:18,  22.  Gaging  Streams.  24:125. 

Preserving,  26:18.               '  Glanders,  as  Affected  by  Age,  4:87. 

Epizootic  Catarrhal   Fever,    m    horses,  •                                   Breed,  4:87. 

4:94.  Climate,4:82-85 

Ergotism  in  horses,  22:49.  Food,  4:87. 

Experiment  Plats;  see  'Rotation  Plats.'  Labor,  4:86. 

Facial  Sinuses,  disease  in   horses,  4:95.  Stabling,   4:85. 

Farm  Animals,  feeding,  3:45-48.  Causes  of.  4:70.        ' 

Buildings  and  Improvoments,  5:  Diagnosis,  4:89-91. 

138,  8:200,  12:62.  16:57.  20:94,  Pathology.  4.70  74. 

95.  24:119,  26:3.  28.13.  Prevalence  among   Montana 

Experiment  Station,  1:7-9.   5:132,  horses.  4:107. 

8:192.  Symptoms  of,  4:74-82. 

Farmers' Institutes,  1:14,    5:136,8:196,  Gooseberry  Fruit- worm,  23:72. 

12:68.  16:68,  20:109,  28:4.  Grain  Aphis,  17:3.  22:25. 

Feeding  Cattle,    3:47.    19:68,    27:310,  Grain  Tests;  see  "Variety  Tests." 

28:12.  Grass  and  Weed  Collection,  8:206. 

Cows,  3:48.  Greenhouse,  20:95,  24:116. 

Farm  Animals,  3:45  48.  Ground  Water,  18:28. 

Period  of,  3:57,58.  Hatch  Act.  1:9- 11. 

Poultry,  26:7.  20.  Hellebore  for  spraying,  23:115. 

Sheep,  20:18,  21:3-13,   27:11-  Horse,  diseases  of,  4:67-113,  22:41.49. 

22,  28:12.  Horticulture,  8:202,  12:73,    16.69,  24: 

Swine.  3:35  62,    14:19-34,  27:  125,  28.6. 

23-32,  28 :12 .  Improvements  at  the  Station ;  see  ''Farm 

Tables  of.  3:3638.  Improvements." 

Fences,  5:134,  8:194,  14:34.  Incubators.  Incubation,  26:5. 

Fertilization  of  Irri^^ation  Water,  6:150.  Incubator  Oils.  26:17. 
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Insects  Injurious  to  Fruititrees,  23:64-  Pig-feeding;  see  "Swine  Feeding.*" 

102.  Pink-eye  in  horses,  4:98. 

Insecticides.  23:102.  Plant  Diseases,   2:19-82.    7:187.    8.205, 

Insecticide  Apparatus,  23:108.  206,  10:40-45,  20:103.  22:22  26. 

Inventory  of  Station  Property,  12:72.  Injuries  caused    by   Insects,  23: 

Irrigation,  6:149-170,    11:49-58,    16:76,  64  102. 

17:13,18:23-27.19:60,20:115,28:18.  Plants,  poisonous,    15:3751,    22:37-53. 

Kerosene  Emulsion,  23:105.  Plant-bug.  Tarmsbed,  23:96. 

Ladoga  Wheat.  10:36.  Plat  Culture;  see  "Rotation  Plate." 

Larkspur  Poisoning  of  Cattle,  22:45-47.  Plum,  8.201,  12:78.  16:88,  20:101,  24: 

Sheep.  15:37-51.  136,  28:9. 

Loco.  22:38,  56.  Plum  Curculio,  23:78. 

London  Purple,  analysis  of,  25:3-7.  Poisoning  by  Plants  of  Cattle,  22:45-51. 

for  spraying.  23:103.  Hors^es.  22:49. 
Lupine  poisonous  to  stock.  22:87-45.  Sheep.  15:37-51. 
used  for  fo rase,  22:38,41.  Poisonous  Plants;   see  "Planto  Poison- 
Manufacture  of  Beet  Sugar,  19:59,89.  ous''  above. 
Measurement  of  Irrigation    Water,  6:  Potato,  7:ia5  187,  8:204,   9:3-24,  22:22. 

149  170,  11:49-58.  Analysis  of,  7:186. 

Mite,  Internal  of  Chickens,  22:80.  Cultivation.  9:4-10. 

Montana  Foods  for  stock,  3:50.  '  Planting.  8:204,  9:11,  14:22. 

Morrill  Act.  112, 13.  iicab.  7:187,  8:206,  9:22  24,  V^: 

Nasal  Gleet  in  Horses,  4.91.  104.  22:22. 

Nevrspaper  Exchange  List;  see  "Press  Varieties  data,  7:ia'),  9:12  13. 

List."  Poultry,  26.3-26,  28:17. 

Nutriente  for  Farm  Animals,  3.45-48.  Breeding,  26:8.. 

Oat,  Smut  of,  10.43,  44,  22:51.  Breeds,  26:4-9. 

varieties  data,  7:180-182,  10:37.38,  Brooders,  26.6,  14.  15. 

24:148.                            •  Buildings,  26:1014. 

Orchard,  8:200-202.  12:73  82,   16:82-89,  Diseases  of,  22.27-36. 

20:98-104,  24:125-141,  28:8-10.  Feeding.  26:7-20. 

Organization  of  the  Station,    1:3-16,5:  Purebred.  26:9. 

,    132.  Preserving  Eggs,  26:18. 

Ornamental  Shrub  Culture,  28:6.  Preparing  food  for  stock,  3:58-60. 

Oyster-shell  Bark-louse,  23:85.  Press,  Communications  to,  5:137. 

Parasitic  Ictero-Hwmaturia  of   Sheep,  Press  list,  5:137,   8:197.    12:69,    16:65, 

8:212-220.  20:109,  24:122,  28:5. 

Paris  Green,  Analysis  of,  25:8  7.  Prune,    8:201,    12:77,   16:88,    20:101, 

for  spraying,  23:108.  24:136. 

Pea,    lield,    for   forage,    8:195,  12:65,  Psy  11a  of  Pear,  23:93. 

l(j.(52.  Quantity  of  seed  per  acre,  10:30. 

Pears,    12:76,    16:87.   20:100.   24:136,  Remedies  for  Alkali,  18:25.    . 

28:9.  Army  Cut-worm,  17:13. 

Psylla  of,  23.93.  Glanders,  4 :108-113. 

Pear  Slug.  23:78.  Grain  Aphis,  17:7. 

Pear-leaf  Blister  mite,  23:100.  Insects     Injurious     to    fruit 

Period  of  Feeding,  3:57,  68.  trees.  23:102-114. 
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Remedies  for  Poisonous  Plants,  15:43,  Shrubs.  Ornamental,  28:6. 

22:47-50.  Site  of  Station,  1:6  9. 

Potato  Scab,  7:187.  8:206,  Slug  of  Pear,  23:73. 

9:23,  12:104.  22:23.  Small  Fruits,  8:202,  16:85. 

Roup  in   chickens,  22:28.  Grains,  7:178,  10:27-46. 

Suiul,  2:24-30.   8:205,  12:  Smut.  2 :19-82,   8:205,    10:40.   12:105, 

105.  22:24.  22:24,51. 

of  Barley.  2:23.  of  Barley,  2  :23.  10 :43. 

Oats,  2:27,  10:44,  22:  Oats,  10  :43,  22  :24. 

U.  Wheat.  2:22,  10:40. 

Wheat,  10:40.  Cause  of,  2  :21. 

Report  of   Ajrric«Unrist,    5:141,8:202,  Damage  by.  2  :ltt-21. 

16:90,  20,124,  24:145,  28:  Poisoning  of  cattle  by,  22  :51. 

10.  Smutty  oat  hay,  22  :51. 

Biologist,  5:141,    16:89,  20:  Soils,  18  :21- 50,  19:63. 

121.  28:16.  Spaying  of  mares,  12:96103. 

Botanist,  8  :202,  20 :119,  24  :  Station    Buildings  and   Improvements; 

151.  28  :14.  see  ^*Farm  Buildings.*' 

Chemist.  5:142.  8:206,  12:94,  Station  Staff,  1 :6,  5  :132,  8  :192.  12  :62, 

16:92,20:122,24:144.28:13.  16  :67,  20  :94,  24  .118,  28  :2. 

Director.  5:182,  8:192.  12:62  Steer  feeding,  27  :8-10. 

16:57,  20:94,  24:188,  28:4.  Strangles  in  hordes,  4  :92. 

Horticulturist,  8:201,  12:73,  Strawberries,   8:202.    12  :82-93,  16 :09. 

16:69.  20:98.  24:125.  28.6.  77,  20  :104-109,  22  :17,  24  :14M44. 

Irrigation  liTbgineer,    8:208,  trost  resistance  of,  22  :I7-21.. 

28:18.  Stream  Gaging,  24  :125.  . 

Poultry  Department,   28:17.  Stringfellow  Method  of  Planting  Fruit 

Treasurer  of  the  Board,   5:  Trees,  24  :138,  28  :10. 

131,    8:191.    12:61.    16.55,  Sugar  Beet,  1,9  :53-90. 

20:93,  24:117.  28:3.  Coisumption.  19  :57. 

Veterinarian,  5:144,  8:212.  Summer  Fallow,  10  :27,  12  :67,  68,  16  : 

Zoologist  and  Entomologist.  59,  24:120,  28:11. 

24:150,28:16.  Swine  Feeding.  3:  35  62,    8:205,    14:19- 

Resin-wash  for  spraying.  23:106.  34    07  -23-32 

Rotation  Plats  5fl34  8:l«4.  12:63. 16:  p^.^^^' ^^^^       j^^ 34 

59,  20:111,  24:123.  28:11.  ^  .  ,         g  x.-     a          o  oc  >iq 

Tesis;  see  the  preceding.  Tables  of  deeding.  8  :36-48. 

Round-headed  Apple-tree  Borer,  23:75.  Tarnished  Plant-bug.  23:96. 

Roup  of  Chickens,  22:27.  30-36.  .Teeth,  diseased  in  horses,  4  :95. 

Samples  of  Drinking  Water.  13:15.  ^^^^  Caterpillar.  23  :70.71. 

San  Jose  Scale,  23:79. 

Scab  of  the  Potato;  see   "Potato  Scab."  Terminal  Buds,  immaturity  of.  28  :9. 

Scurfy  Bark-louse,  23:88.  Trees  for  shade  and  ornament,20  :96  98. 

Seeding  Potatoes.  8:204,  9:11.  ,„            •          *  -i      *  u            a  ^a 

Small  Grains,  10:28-31.  Tumors  m  nostrils  of  horses,  4  ,-96. 

Shade  trees.  20:96-98.  Underdrainage  as  a  remedy  for  alkali. 

Sheep.  Diseases  of.  8:212-220.  ift-dR 

Feeding.  21 .3  13,  27:11-22.  „  ^°  •^^-           „    ,       .,  ,no    .  ^  n.  «. 

Poisoning  by  plants.    15:37-51,  Variety  Tests,  Barley,  7  :183,  10:37.39. 

22:39,  40.  24  :149,  28  :10. 
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OatB.    7:180-182.    10:87-  Water  Hemlock,  poisoning  by.   23:48. 

88.  24 :148.  38  :10.  Weeils.  8  -^06.  13  M. 

StrawbeiTies;Bee  'Straw-  Weir  MeaaureuieDt.  6:150165. 

berries."  Whale  Uit  Soap  for  Sprayioft.   33  :10S. 

Snftar  Ueets,  19  :72-84.  Wheat.  AoalyBis,  7  :179. 
Wheat.    7:17«-179.    10:  Spring.  10  39. 

»1-8T,  24:147,  28:10.  Sniut.  lO:40-4S. 

Water.  Analysis  of.  ias-l5.  Varieties  Jala,   7:170-179,    24: 

Duty  of,  6:151.  147. 

Measurement.  6  :I4fl-lT0.  Winter-kiilloK  of  fruit  trees.  26  H. 

Meters,  6  :ia«.       ■  Woolly  Aphis  of  tbe  Apple,  33:89. 
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Montana  Experiment  Station. 

Bulletin  No.  39.  ...  November,  1900. 


THE  QUANTITY  OF    WATER  USED   IN    IRRIGATION   AND  THE 

SEEPAGE  LOSS  FROM  CANALS. 


S.  FoRTiER,  Director. 


INTRODUCTION. 

In  the  spring  of  1899  the  Montana  Experiment  Station, 
through  its  Executive  Board,  agreed  to  co-operate  with  Dr.  True, 
Director  of  the  Office  of  Experiment  Stations,  in  carrying  on  irriga- 
tion investigations  in  the  use  of  water  in  the  state  of  Montana. 
The  general  outline  of  the  work  was  planned  and  its  subsequent 
supervision  was  ably  performed  by  Prof.  Elwood  Mead,  expert-in- 
charge  of  irrigation  investigations. 

Prof.  Mead  also  outlined  and  supervised  similar  investigations 
in  nine  other  western  states  and  territories,  the  results  of  which 
have  been  recently  published  as  Bulletin  No.  86  of  the  Office  of 
Experiment  Stations. 

Through  the  kindness  of  Dr.  True  this  station  obtained  at  a 
nominal  rate  6,000  copies  of  the  report  of  the  Montana  investi- 
gations for  1899,  in  separate  form.  These  have  already  been 
distributed  to  the  farmers  of  this  State. 

In  the  spring  of  1900  a  similar  agreement  was  entered  into 
between  the  same  parties.  A  report  containing  the  results  of  the 
experiments  made  during  the  season  of  1900  was  recently  for- 
warded to  Prof.  Mead,  and  the  same  results,  in  a  slightly  modified 
form,  are  herein  presented,  in  the  hope  that  they  may  contain 
something  of  interest  and  value  to  the  agriculturists  of  Montana. 
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THE   PROPER  QUANTITY  OF  WATER  TO  APPLY. 

The  investigations  that  were  carried  on  during  the  summer  of 
1899  were  planned  with  the  view  to  ascertaining  the  actual  quan- 
tities of  water  used  by  irrigators,  the  percentage  of  loss  in  their 
canals,  the  method  of  distribution,  and  the  principal  conditions 
which  affect  the  duty  of  water.  At  the  beginning  of  the  season 
just  closed  similar  lines  of  work  were  taken  up,  the  only  difference 
from  the  preceding  year  being  in  more  extended  operations 
throughout  different  parts  of  the  state.  In  addition  to  these 
investigations  it  was  thought  desirable  to  institute  a  second 
series  of  experiments  for  the  purpose  of  determining  the  proper 
amount  of  water  to  apply  to  growing  crops  and  the  proper  time 
to  irrigate.  It  is  intended  that  this  series  will  extend  through  a 
period  of  at  least  five  years,  during  which  time  the  staple  crops  of 
Montana  can  be  experimented  on  w4th  the  object  of  finding  out 
how  much  water  is  necessary  to  produce  the  most  valuable  yields 
and  the  right  time  to  apply  it.  It  will  be  noticed  that  this  series 
is  supplementary  to  what  has  been  carried  on  in  former  years.  It 
was  necessary  first  to  ascertain  what  use  was  made  of  irrigating 
water,  and  with  this  information  as  a  basis,  to  conduct  experi- 
ments along  more  scientific  lines  in  trying  to  demonstrate  to  the 
irrigator  the  mistakes  he  was  making  in  using  either  too  little  or 
too  much  water,  or  in  irrigating  at  the  wrong  time. 

Last  spring  a  distributing  flume  (Fig.  1)  was  built  in  such  a 
manner  that  it  could  be  readily  taken  apart  and  placed  on  some 
other  location  if  desired.  The  sides  and  bottom  consisted  of  1^ 
inch  planks,  held  in  place  by  yokes  placed  four  feet  apart.  This 
flume  was  connected  with  a  weir  box  at  its  upper  end,  and  in  the 
weir  box  there  was  an  adjustable  wasteway,  by  w^hich  the  water 
admitted  into  the  flume  could  be  regulated.  By  this  device  the 
water  could  be  not  only  measured  as  it  passed  into  the  distribut- 
ing flume,  but  diminished  or  increased  to  any  desired  amount  up 
to  the  total  flow  of  the  lateral.  Along  the  right  side  of  this  flume 
plats  to  the  number  of  sixteen  were  laid  off.  Each  plat  was  50 
feet  wide  and  100  feet  long,  and  was  separated  from  bordering 
plats  by  strips  of  bare  ground  15  feet  wide.  The  object  of  having 
a  strip  of  bare  ground  between  ever^'  two  plats  was  to  prevent 
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the  passage  of  water,  either  by  seepage  or  otherwise,  from  one 
plat  to  another.  On  the  21st  of  May,  19G0,  all  the  plats  were 
seeded  to  oats  at  the  rate  of  two  "bushels  of  seed  per  acre.  Nine 
days  later  the  percentage  by  weight  of  moisture  contained  in  the 
soil  of  each  plat  was  determined  by  Mr.  Edmund  Burk,  under  the 
supervision  of  the  chemist.  Dr.  Traphagen.  A  sample  of  soil 
extending  from  the  surface  to  a  depth  of  two  feet  was  obtained 
from  the  center  of  each  plat  by  means  of  an  inch  and  a  half  auger. 
This  cylinder  of  soil,  1%  inches  in  diameter  and  24  inches  in 
length,  was  placed  in  a  Mason's  jar,  and  the  lid  screwed  tightly 
down  to  prevent  evaporation.  The  following  are  the  results 
found  alter  evaporating  the  entire  moisture  content  and  compar- 
ing the  loss  in  weight  thus  effected  with  the  original  weight  of 
the  sample: 

Sample  from  Plat  No.   1 18.30  per  cent  moisture. 

2 19.97 

3 17.74 

4 18.05 

5 18.94 

6 18.08 

7 17.29 

8 18.65 

9 20.26 

10 19.03 

11 20.95 

12 20.46 

13 18.08 

14 17.81 

15 19.30 

16 20.30 
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These  results  show  that  the  soil  of  the  plats  to  a  depth  of  two 
feet  was  composed  of  nearly  one-fifth  by  weight  of  water,  and 
that  the  amount  of  moisture  in  each  was  practically  equal. 

On  June  25  the  first  irrigation  was  begun.  A  measured  quan- 
tity of  water  was  allowed  to  flow  through  the  flume  to  each  plat, 
which  was  irrigated  separately.  Small  galvanized-iron  slides 
moving  vertically  in  grooves  and  placed  over  1%-inch  openings, 
controlled  the  flow  from  the  distributing  flume  to  each  plat.  The 
water  through  these  openings  (Figs.  2  and  3),  which  were  spaced 
four  feet  apart,  was  allowed  to  flow  on  the  plat  until  the  earth 
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became  so  moist  that  part  of  the  water  began  to  escape.  It  was 
found  that  a  depth  of  four  inches  over  the  surface  was  as  much  as 
could  be  applied  without  waste  at  any  one  time.  Had  the  plats 
been  arranged  in  terraces  with  a  low  embankment  around  each,  it 
would  have  been  possible  to  have  applied  a  larger  quantity  of 
water  at  one  time  and  thus  to  have  reduced  the  number  of  irriga- 
tions. This  mode  of  irrigating  is  not,  however,  practiced  in  Mon- 
tana, and  it  was  deemed  important  that  the  experiments  conform 
as  closely  as  practicable  to  the  common  methods  of  irrigating. 
In  the  case  of  a  large  field,  it  is  possible  to  allow  the  water  to  flow- 
slowly  over  the  surface  until  the  ground  is  wet  for  a  foot  or  more 
in  depth.  With  the  small  plats,  and  using  the  flooding  method, 
the  water  could  not  flow  long  over  the  surface  without  waste,  and 
a  less  quantity  of  w^ater  had  to  be  used  at  more  frequent  inter- 
vals. The  quantity  of  water  applied  to  each  plat  when  measured 
in  depth  over  the  surface  as  well  as  the  corresponding  dates  are 
given  in  the  accompanying  table. 


Plat 
No. 

No.  of  Irrigations. 

Date. 

Depth 
Applied. 

Remarks. 

1 

1 

Not  irrigated. 

Inches. 

Received    some   moisture  from  adjacent 
ditch  and  a  leaky  flume. 

2 

First    irrigation. 

June  25 

2 

Oat  crop  from  six  to  nine  inches  high. 

3 

First 
Second         " 

June  25 
July  16 

4 
4 

Same  as  No.  i. 

Height  of  grain  23  ins.,  8  per  cent  headed 
out. 

4 

First 
Second 

June  25 
July  16 

5 
4 

bame  as  No.  2. 

Four  per  cent  headed  out. 

5 

First 

Second         " 
Third 

June  26 
July  16 
July  26 

Same  as  No.  2. 

1  hree  per  cent  headed  out. 

Height  of  grain  37  inches. 

6 

First 
Second 
Third 
Fourth 

June  26 
July  6 
July  16 
July  27 

Same  as  No  2, 
Qrain  16Vi  iuohes  high. 
Grain  23  incheb  high. 
Grain  41  inches  high. 

7 

First 

Second 

Tbird 

Fourth 

Fifth 

June  26 

July  6 

July  17 

July  27 

Aug.  6 

^ame  as  No.  2. 

Two  per  cent  headed  out. 

Grain  55  inches  high. 

8 

First 

Second         " 

Third 

Fourth 

Fifth 

Sixth 

June  26 
July  6 

July  16 

July  27 
Aug.  6 

Aug.  15 

Same  as  .So.  2. 
Same  as  No  6. 
1  hree  per  cent  headed  out. 
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The  following  table  gives  the  yields  per  plat  in  grain  and 
straw,  as  well  as  the  corresponding  yields  per  acre,  allowing  34 
pounds  of  oats  per  bushel. 


Orain 
per  Plat. 

Pounds. 

Straw 
per  Plat, 

Pounds. 

Total 
Pounds. 

Yield  per  acre. 

No.  of  Plat. 

Orain 
Bushels. 

Straw. 
Pounds, 

1 

180 
241 
266 
287 
292 
805 
303 
326' 

190 
284 
324 
343 
353 
390 
377 
369 

370 
525 
590 
630 
645 
695 
680 
695 

46.122 
61.729 
68.158 
73.589 
74  825 
78  151 
77.639 
83  532 

165.'^.  28 

2 

2345.408 

8 

2822  688 

4 

2988  216 

5 

3075.336 

6 

zaQi  68 

7 

3284.424 

8 

3214.728 

In  comparing  the  depth  of  water  applied  to  each  plat  as 
expressed  in  inches  with  the  yield  of  grain,  a  glance  at  the  table 
given  below  will  show  the  close  relation  between  the  amount  of 
water  and  the  yield.  These  results,  however,  may  not  represent 
the  average  of  a  number  of  years.  The  past  season  was  extremely 
dry,  and  the  soil  moisture  tests  showed  that  the  greater  part  of 
each  watering  was  soon  evaporated.  In  view  of  these  exceptional 
conditions,  no  attempt  will  here  be  made  to  draw  conclusions 
from  the  results  obtained  from  one  season's  operations. 


Depth 

of 
Water. 

Inchef«. 

Yield  per  Acre. 

No.  of  Plat. 

Orain. 
Bushels. 

Straw, 
Pounds. 

1 

0 

2 

8 

9 

12 

16 

20 

24 

46.12 
61.73 
68.16 
73.54 
74  83 
78.15 
77  64 
83.53 

1655.28 

2 

2845.41 

8 

2822  69 

4 

2988.22 

5 

3075  34 

6 

SS916S 

7 

3284.42 

8 

3214.73 

DUTY  OF  WATER  IN  GALLATIN  VALLEY. 

EXPERIMENT  NO.   i. 

The  duty  of  water  varies  greatly  on  the  same  field  in  different 
seasons  and  for  different  crops.  On  a  field  of  clover  belonging  to 
the  Hon.  James  E.  Martin,  and  situated  in  the  southeastern  part 
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of  Gallatin  valley,  the  quantity  of  water  applied  during  the  past 
season  was  nearh'-  two  feet  over  the  surface  in  two  irrigations, 
while  the  same  field  when  seeded  to  barley  received,  in  1899,  a 
trifle  less  than  one  foot  in  one  irrigation. 

The  field  sloped  from  the  south  to  the  north  at  the  rate  of 
about  80  feet  to  the  mile,  and  also  to  the  east  to  a  less  extent. 
The  field  laterals  were  parallel  and  ran  diagonally  through  the 
field  on  a  grade  of  about  1.5  inches  to  the  rod.  The  distance 
between  the  laterals  ranged  from  56  to  93  feet  and  averaged  69 
feet.  The  soil  consists  of  a  clay  loam,  with  a  porous  stratum  of 
gravel  wash  beneath.  *  This  field  was  summer-fallowed  in  1897, 
and  seeded  to  barley  and  oats  in.  1898,  the  yield  being  73  bushels 
per  acre  of  barley  and  50  bushels  of  oats.  It  was  seeded  down  to 
red  clover  with  barlej'  as  nurse  crop  in  1899,  and  produced  two 
crops  of  clover  during  the  season  just  closed. 

Duty  of  water  on  clover,  as  shown  by  experiment  No.  i. 


Date  of  irrigation, 


Duration  of  irri^aiiou lioars . 

Area  irrigated acres , 

Water  used ♦acre-feet , 


Ayerage  depth  of  water  applied feet. 

Rain-fall,  May  let  to  September  lOtli feet . 


Total  depth  *  (  water  received  du-ring  growth feet . 

Number  of  irrigators 

Average  head  of  water  used tcu.  ft.  per  see . 

A  verage  distance  bt*tween  field  laterals feet . 


First 
Irriga- 
tion- 


June 
14-22 

66.89 
87.32 


Second 
Irriga- 
tion. 


July  2S- 

Aug.  17 

4T8 

66.39 

46.75 


Total. 


764. 
66.39 
134.07 


1.31 


2 
3.955 


0.67 


1.98 
44 


2 
1.13 


2.42 


I 


08. 


♦An  acre-foot  of  water  ib  the  quantity  required  to  cover  an  acre,  one  foot  in  depth.    Since  an 
acre  containH  43,560  square  feet,  an  acre-foi»t  of  water  w  )ul<l  be  equivalent  to  43,560  cubic  feet. 

fTo  change  cubic  foet  per  second  into  Montana  miner's  inches  nitiltiply  the  former  by  40. 
Thus,  3.9f)5  cubic  feet  per  second  equals  1.^)^.2  miner's  inches. 


EXPERIMENT  NO.  a. 

This  test  was  made  on  a  field  of  barley  4.14  acres  in  extent, 
located  near  the  southwest  corner  of  the  Experiment  Station 
farm.  This  field  has  been  cropped  continuously  since  1893.  It 
produced  potatoes  in  1894,  barley  in  1895,  oats  in  1896,  peas  in 
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1897,  barley  in  1898,  peas  in  1899,  and  barley  in  1900,  The 
barley  was  sown  April  20,  1900,  irrigated  for  the  first  time  June 
12  and  13,  irrigated  a  second  time  July  1,  and  harvested  August 
17.  The  yield  from  the  field  was  200.8  bushels,  or  46.5  bushels 
per  acre. 

Duty  of  water  on  barley,  as  shown  by  experiment  No.  a. 


Total. 


Date  of  irrigation . 


Duration  of  irrigation hours. 

Area  irrigated acres . 

Water  used acre-feet . 


Average  depth  of  water  applied feet, 

Rainfall feet. 


Total  depth  of  water  received  during  growth feet . 

Number  of  irrigators 

Average  head  of  water  used cu.  ft.  per  sec . . 

Average  distance  between  field  laterals feet . 


First 

Iniga- 

tion. 

Second 
Irriga- 
tion. 

June  12-13 

25.5 
4.14 
3.90 

June  29- 
Jul^-1 
SS 
4  14 
2.91 

.797 

.702 

2. 
1.567 

2 
.9255 

62.5 
4.14 
6.21 


1.499 

.28 


1.78 
85 


EXPERIMENT  NO.  3. 

A  test  was  made  in  1899  on  a  field  of  oats  belonging  to  Mr. 
J.  L.  Patterson,  county  commissioner  of  Gallatin  county.  Last 
spring  Mr.  Patterson  again  seeded  the  same  field  to  oats,  and  the 
quantity  of  water  used  was  measured  over  the  same  weirs  that 
were  built  the  year  previous. 

The  results  as  given  in  the  accompanj'ing  table  indicate  that 
15.08  acre-feet  of  water  were  applied  at  the  first  irrigation,  and 
5.44  acre-feet  at  the  second.  The  latter,  however,  was  incom- 
plete, in  that  only  about  two-fifths  of  the  area  of  the  field  was 
irrigated. 
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Duty  of  water  on  oats,  as  shown  by  experiment  No.  3. 


Total. 


i>ate  of  irrigation 

Duration  of  irrigation hours . 

Area  irrigated acres . 

Water  used acre-feet . 


Average  depth  of  water  applied fe«it., 

Rain-rail feet . 


Total  depth  of  water  received  during  growth feet . 

Number  of  irrigators , 

Average  head  of  water  used cu.  ft.  per  sec . 

Average  distance  between  field  laterals f e«t . 


First 

Irrica-^ 

tion. 

Second 
Irriga- 
tion. 

June  18-21 
80.25 
25.09 
15.06 

July  23-29 
147 

♦25.09 
5.44 

.62 

.02 

1 
2.35 

1 
.45 

227.25 
25.08 
20.52 


.64 
.39 


1.03 

2.80 

85 


♦N.  B.    Only  partly  irrigated, 


EXPERIMENT  NO.  4. 


For  the  past  four  years  a  regular  rotation  of  crops  has  been 
conducted  on  a  tract  of  land  1,227  feet  long  and  218  feet  wide,  on 
the  Experiment  Station  farm.  This  tract  is  divided  lengthwise 
into  six  equal  plats  of  one  acre  each,  having  a  strip  of  bare  ground 
three  feet  wide  between  each.  The  order  of  the  rotation  is  barley, 
clover,  wheat,  peas,  oats,  and  sugar  beets. 

During  the  season  just  closed  three  separate  tests  were  made 
on  these  acre  plats.  The  clover  and  wheat  were  irrigated 
together,  as  were  also  the  peas  and  oats,  and  the  remaining  test 
was  made  on  the  acre  of  barley.  The  soil  is  of  more  than  average 
fertility,  consisting  of  vegetable  loam,  clay  loam,  clay  marl,  with 
an  unknown  depth  of  gravel  and  cobble  rock  at  a  depth  of  about 
six  feet  from  the  surface. 

The  wheat  was  seeded  May  4,  cut  August  28,  and  yielded 
38.33  bushels  on  the  acre  plat.  The  clover  w^as  seeded  May  7, 
without  a  nurse  crop,  cut  August  17,  and  yielded  3,170  pounds  of 
cured  hay.  The  following  table  gives  the  results  obtained  from 
the  wheat  and  clover. 
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Duty  of  water  on   one  acre    wheat    and  one  acre  clover,  as   shown  by 

experiment  No.  4. 


Date  of  irriflration 

DuratioD  of  irrigation hours . . 

Area  irri^rated acres . . 

Water  nsed aore-feet . . 


Ayeraflre  depth  of  water  applied fi)et . . 

Bain-fall,  May  5th  to  Aagust  20th feet. . 


Total  depth  of  water  received  during  growth. feet. 

Number  of  irrigators 

Average  head  of  water cu.  ft.  per  sec . 

Average  dibtance  between  field  laterals feet 


First 
Irrigation. 


June  18 
6 
2 
.66 


.3S 


2 
1.40 


Second 
Irrigation. 


July  11-12 
7.58 
2 

.88 


.44 


2 
1.40 


Total. 


18.58 
2 
1.54 


.77 

.ao 


1.07 


EXPERIMENT  NO.   5. 

This  experiment  was  made  on  the  peas  and  oats  of  the  rota- 
tion plats.  The  peas  were  seeded  Majr  5,  cut  September  25,  and 
yielded  1,330  pounds.  The  oats  were  seeded  May  4,  cut  August 
15,  and  yielded  75.58  bushels  per  acre  plat. 

The  following  table  contains  the  data  pertaining  to  this 
experiment: 

Duty  of  water  on   one  acre  of  oats  and  one  acre  of   peas,   as   shown   by 

experiment  No.  5. 


Date  of  irrigation 

Dnration  of  irrigation hours . 

Area  irrigated acres . 

Water  used acre-feet . 


Average  depth  of  water  applied feet . 

Rain-fall.  May  4th  to  August  25th feet. 


Total  depth  of  water  received  during  growth. feet. 

Namber  of  irrigators 

Average  head  of  water  used cu.  ft.  per  sec . 

Average  distance  betwr en  field  laterals feet . 


First 
Irrigation. 


June  18 
4.83 
2 
.55 


.28 


2 
1.38 


Second 
Irrigation. 


July  11 
5 
2 
.57 


.28 


2 
1.37 


Total. 


9.88 

2 

I.IS 


.56 
.89 


.95 


36 


EXPERIMENT  NO.  6. 

This  experiment  was  made  o;i  the  barley  of  the  rotation  plats. 
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This  acre  was  seeded  to  barley  May  5,  cut  August  25,  and  yielded 
87.29  bushels. 


Duty  of  water  on  barley  as  shown  by  experiment  No.  6. 


Dat«  of  irriflration 

Dar Ation  of  irriffatioD hours . . 

Area  irrigated acred . . 

Water  used acre-feet . . 


Average  depth  of  wat«>r  applied feet . 

Kain-fall,  May  5th  to  August  25th feet . 


Total  depth  of  water  received  during  growth. feet. 

Number  of  irrigators 

Average  head  of  water  used ca.  ft.  per  sec . 

Average  distauce  between  field  laterals feet . 


First 
Irrigation. 


Second 
Irrigation. 


June  19 
6.71 
1 
.66 


.66 


2 
1.18 


July  12 
2.95 
1 
.26 


.51 


2 
1.58 


Total. 


9.66 
1 
91 

1.17 

28 

1.45 
96 


EXPERIMENT  NO.   7- 

• 

The  quantity  of  water  used  on  an  oat  field  located  at  the 
southwest  corner  of  the  Experiment  Station  farm  was  also 
determined.  The  field  slopes  to  the  north  at  the  rate  of  about  90 
feet  to  the  mile  and  also  to  the  east  to  a  like  degree. 

The  oats  were  sowed  May  2,  irrigated  about  the  middle  of 
June  and  also  at  the  end  of  the  first  week  in  Juh',  and  harvested 
August  28.  The  total  yield  on  the  field  of  8.51  acres  was  635.5 
bushels  of  34  pounds,  or  at  the  rate  of  74.67  bushels  per  acre,  and 
the  selling  price  at  this  writing  (November  10)  is  87  cents  per  100 
pounds.  This  field  has  been  cropped  for  eight  years.  It  was 
seeded  to  oats  in  1893,  peas  in  1894,  and  barW  in  1895.  It  was 
in  clover  for  three  years,  from  1896  to  1898  inclusive.  Last  year 
it  was  seeded  to  wheat  and  barley,  the  wheat  yielding,  on  an 
average,  57.89  bushels  per  acre,  and  the  barley-  45  bushels.  The 
results  of  the  two  irrigations  are  given  in  the  following  table: 
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Duty  of  water  on  oat  a,  as  shown  by  experiment  No»  7. 


Date  of  irrigation , 

Duration  of  irrigation bonrs . . 

Area  irrigated acres . 

Water  used acre-feet . 


Average  depth  of  water  applied feet. 

Rain-fall.  May  2nd  to  August  28th feet . 


Total  depth  of  water  received  durinsr  growch.feet. 

Number  of  irrigators 

Average  head  of  water  used en.  ft.  per  sec. 

Average  distance  between  field  laterals feet . 


First 
Irrigation. 


June  15-17 
45.5 
8.51 

5.98 


.83 


2 
1.74 


Second 
Irrigation. 


July  6-7 
29.83 
8.51 
4.81 


.57 


2 
1.98 


Total. 


70.98 

8.51 

10.79 

1.39 
.40 

1.79 
90 


EXPERIMENT  NO.   8. 

This  test  was  made  on  a  field  of  barley  containing  4'.52  acres, 
located  on  the  Experiment  Station  fann.  This  field  prior  to  1897 
produced  little  but  weeds.  It  was  seeded  to  barley  in  that  year, 
and  to  peas  in  1898.  Potatoes  were  planted  in  1899,  and  the 
crop  of  barley  grown  the  past  season  was  sowed  April  21,  cut 
August  16,  and  produced  14,880  pounds,  or  at  the  rate  of  68.59 
bushels  per  acre.    The  grain  was  sold  for  87  cents  per  100  pounds. 

Duty  of  water  on  barley  as  shown  by  experiment  No.  8. 


Date  of  irrigation 

Duration  of  irrigation hours . , 

Area  irrigated acres . . 

Water  used acre-feet . , 


Average  depth  of  vrater  applied feet. 

Rain-fall feet. 


Total  depth  of  water  received  during  growth. feet. 

Number  of  irrigators 

Average  head  of  water  used cu.  f  t.  per  sec . 

Average  distance  between  field  laterals feet . 


First 
Irrigation. 


June  13-14 
24.5 
4.52 
4.42 


.98 


2 
2.19 


Second 
Irrigation . 


July  1-2 
80 
4.52 
4.43 


Total 


54.5 
4.52 

8.85 


.^ 


1.96 
.42 


2 
1.79 


2.88 
75 


EXPERIMENT  NO.   p. 

This  experiment  was  made  on  a  field  of  clover  situated  on  the 

« 

south  side  of  the  Experiment  Station  farm,  containing  7.26  acres. 
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This  field  has  been  cropped  continuously  since  the  establishment 
of  the  Experiment  Station  farm  in  1893.  Last  year  it  was  seeded 
to  oats  and  red  clover,  and  it  produced  during  the  past  season 
two  heavy  crops  of  clover  hay.  The  first  crop  was  cut  and 
stacked  from  July  1  to  15,  and  yielded  19  tons  and  15  pounds. 
The  second  crop  was  cut  and  stacked  fi-om  September  1  to  15,  and 
yielded  17  tons  and  930  pounds,  or  a  total  of  over  5  tons  per 
acre.  The  price  of  clover  hay  in  the  stack  is  from  $5.00  to  $6.00 
per  ton.  The  quantity  of  water  applied  at  four  irrigations  was 
2.7  feet.  Compared  with  the  results  obtained  fi-om  the  other 
fields,  this  would  seem  to  be  an  excessive  amount.  There  was, 
however,  but  a  small  percentage  wasted,  and  it  is  questionable  if 
a  less  amount  of  water  would  have  produced  as  great  a  yield. 

Duty  oi  water  on  clover,  as  shown  by  experiment  No.  9. 


Date  of  irriffatiou , 


Duration  of  irrigation       hours . . 

Area  irrigated acres . . 

Water  used acre-feet . . 


ATeraflre  depth  applied feet . 

Rainfall,  May  1st  to  Sept.  10th.  ..feet, 


Total  depth  of  water  received  dur- 
ing growth feet . . 

Number  of  irrigators 

Aver,  head  water  used .  .cu.  ft  per  sec . . 
Ayer.  distance  between  Held  laterals 

feet . . 


First 

Second 

Third 

Fourth 

Irriga- 

Irriga- 

Irriga- 

Irriga- 

tion. 

tion. 

tion. 

tion. 

June 

July 

July 

Augnst  , 

4-5 

3-5 

19-21 

1-4 

26 

50.25 

27.5 

67 

7.26 

7.26 

7.26 

7.26  ' 

4.21 

6.61 

4.49 

4.31  ; 

.58 

1 

.91                  .62  !               .59 

1 

t 

■ 
1 

2 
1.96 

2 
1.59 

2 
1.97 

2 

.78 

* 

Total. 


170.75 

7.26 

19.62 


2-70 
.44 


3.14 


76 


EXPERIHENT   NO.   lo. 

During  the  past  season  a  test  was  again  made  on  the  clover 
field  situated  in  the  southeast  comer  of  the  Experiment  Station 
farm,  and  described  in  the  report  for  1899  as  Experiment  No.  1. 
This  season  the  field  was  increased  by  the  addition  of  another 
small  clover  field.  The  quantities  of  water  applied  at  each  irriga- 
tion were  only  slightly  in  excess  of  those  of  last  year,  but  owing 
to  the  long  dry  season,  the  date  of  the  first  watering  was  10  days 
earlier,  in  consequence  of  which  three  irrigations  were  necessary, 
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and  the  total  depth  of  water  applied  was  1.79  feet,  an  increase  of 
0.77  feet  over  that  of  last  year. 

The  results  of  the  experiment  are  given  in  the  following  table: 

Duty  of  water  on  clover,  as  shown  by  experiment  No.  lo. 


Date  of  irrigation . 


Duration  of  irrigation hours . 

Area  irrigated acres. 

Water  used acre- feet , 


Ayerage  depth  of  water  applied feet . 

Rain-fall,  May  Ist  to  September  10th feet . 


Total  depth  of  water  reoM  during  growth .  feet . . 

Number  of  irrigators 

Average  bead  of  water  U6ed ou  ft.  per  sec . . 

Average  distance  between  field  laterals feet . . 


First 
Irriga- 
t  ioL. 


June  5-7 
"    8-11 
116.42 
85. 9 
21.85 


.61 


2.27 


Second 
Irriga- 
tion. 


July  18-16 

"     20-24 

96.32 

35.9 

25.50 


.71 


2 
2.65 


Third 
Irriga- 
tion . 


July  26-28 

Aug.  8-14 

68.67 

85.9 

16.65 


.47 


2 
1.75 


Total. 


276.41 
35.9 


1.79 
.44 


2.22 
80 


THE  DUTY   OF  WATER  IN  MIDDLE  CREEK  CANAL. 

The  daily  flow  of  Middle  Creek  canal  was  obtained  by  means 
of  the  same  rating  flume  and  automatic  register,  that  were  used 
during  the  preceding  year,  and  the  results  are  given  in  the  follow- 
ing table: 
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Discharge  of  Middle  Creek.  June  4  to  Sept.  16,  1900. 


Day. 


June. 


Cubic  feef.. 


2. 

S 

4. 

5, 

6. 

7. 

8, 

9. 

10. 

11. 

12. 

13. 

U. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26 

27. 

28. 

29. 

30. 

31. 


Total, 


1,414,000 
6,005,000 
6,320.000 
6,735.000 
6,620.000 
6.422.000 
5,9«5.0U0 
5.801,000 
6.405.000 
7180.000 
7,185.000 
7.630.(W> 
7,899,000 
7,700.000 
6,651.000 
6.501,000 
5.980.000 
6,2M,000 
7,005.000 
7.418.000 
7,118.000 
6  950.000 
7.199.000 
6.250.000 
4.635. 00  J 
4.5.S0.I  00 
4.635.000 


July. 


Cubic  fe^t 
4.645,(00 
4.180.000 
4,245.1 'OO 
4.070.000 
3.919.C00 
3.478  000 
8  120,000 
3.690.0UO 
2.981.000 
2,800.000 

2  550.000 

3  280,000 
2.392  000 
2.145  000 
1.9^9.000 
1,811,000 
1.993,000 
1.955.000 
1.788.001 
1,995,000 
1.959.000 
1.915.000 
1.949.00)  > 
2.020.000 
1.96v«,000 
2.740,000 
2  580.000 
2.575,000 
2.581.000 
2.231.000 
1,755  000 


Auflruet. 


170,614.000 


Total  for  the  season 


83.800,000 


Cubic  feet. 
1.854.000 
1,784.(00 
1.470.000 
1.4d6.u00 
1,790,000 
2  2441,000 
2,181,00' 
1.875.000 
1.780,000 
1.865,000 
1.961.(00 
1,955  000 
1,140  000 
1.765.00'i 
1  765.(100 
1,818  000 
1  618.100 
1,640,000 
1,4.50  000 
1.292  OIK) 
1.278.000 
1.240.000 
1.249.000 
1.163  000 
1,095.000 
1,100.01 0 
1,109.000 
1,099  000 
1,1  5,000 
1.100,000 
1,100,000 


September. 


Cubic  feet. 
1.100.000 
1.100,000 
1.061.000 

1.178.000 
1,034.000 
1.000,000 
1.0>  9.000 
1.034.000 
1.079,000 
1,705,000 
1.112.000 

1.060,00a 

1.182.(100 

'  1.113.000 

1.321,000 


46,812.100 


17.700.000 


318,426,100 


From  June  4  to  September  16,  1900,  the  quantity  of  water 
diverted  through  the  headgates  of  this  canal  was  318,426,100 
cubic  feet,  or  7,310  acre-feet.  Dividing  this  latter  number  by 
3,853  acres,  the  area  irrigated,  the  quotient  1.89  represents  in 
feet  the  average  depth  of  water  applied. 

In  1899  the  average  depth  of  water  applied  w^as  2.11  feet. 
There  was  a  more  aiDundant  supply  in  Middle  creek  and  the 
season  was  not  so  dry  as  that  just  closed.  This  difference  between 
the  available  water  supply  and  the  rainfall  of  the  two  seasons 
accounts  for  the  difference  in  the  duty  of  water. 

DUTY  OF   WATER   IN  YELLOWSTONE  COUNTY, 

This  county  extends  from  the  central  part  of  the  state 
eastward  a  distance  of  about  90  miles,  and  comprises  an  area  of 
4,500  square  miles.  The  Yellowstone  river  forms  its  southern 
bound  ar  v. 

This  part  of  the  state  has  an  abundant  supply  of  water.  The 
flow  of  the  Yellowstone  at  Livingston,  Montana,  varies  from 
200,000  to  600,000  Montana  statutory  inches  during  the  irriga- 
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tion  period.  In  addition  to  the  main  river,  there  are  the  large 
tributaries  of  Boulder,  Stillwater,  and  Clarke's  Fork,  besides 
about  thirty  small  creeks  that  provide  an  irrigating  supply  for  the 
counties  of  Sweetgrass,  Carbon  and  Yellowstone. 

Irrigation  is  still  in  the  early  stages  of  development  in  this 
county.  Little  was  accomplished  in  reclaiming  its  large  tracts  of 
tillable  land  prior  to  1885,  but  during  the  past  ten  years  the 
growth  along  agricultural  lines  has  been  remarkable.  The  prin- 
cipal irrigation  ditches  in  operation  at  the  present  time  are  the 
following: 

(1.)  The  Yellowstone  Ditch,  which  diverts  water  from  the 
Yellowstone  river  at  the  Rapids  above  Park  City,  and  extends  to 
Valley  creek. 

(2.)  The  Big  Ditch,  which  diverts  water  from  the  same  river 
just  below  the  Rapids,  and  extends  towards  the  city  of  Billings,  a 
distance  of  39  miles. 

(3.)  The  Italian  Ditch,  which  heads  above  Park  City,  and 
extends  to  Laurel,  a  distance  of  15  miles. 

(4.)  The  Old  Mill  Ditch,  which  also  heads  above  Park  City^ 
and  terminates  opposite  the  town  of  Laurel,  its  total  length  being 
about  15  miles. 

(5.)  The  Canyon  Creek  Ditch  has  its  source  near  Laurel,  and 
waters  a  portion  of  the  country  between  Laurel  and  Billings. 

(6.)  The  Suburban  Ditch  heads  at  Canyon  creek,  and  extends 
to  Billings,  a  distance  of  five  miles. 

Investigations  were  begun  in  May,  1900,  in  Yellowstone 
county,  for  the  purpose  of  determining  the  quantities  of  water 
used  by  the  irrigators  and  the  percentage  of  loss  in  conveyance. 
For  the  results  of  the  experiments  on  the  loss  due  to  seepage  and 
evaporation,  the  reader  is  referred  to  the  information  given  under 
that  heading. 

In  order  to  ascertain  the  quantities  of  water  applied  to  the 
various  crops  in  this  section  of  the  state,  measuring  stations  were, 
established  at  three  different  points  of  the  Big  Ditch,  and  a  daily 
record  kept  of  the  flow  at  each  from  May  25  to  September  27. 
The  first  of  these  stations  was  placed  at  Tilden's  ranch,  about  five 
miles  below  the  headgates  on  Yellowstone  river;  the  second  at 
Park  City,  and  the  third  at  the  Hesper  farm,  located  11  and  27 
miles  respectively  below  the  headgates. 

In  the  accompanying  table  is  given  the  daily  flow  in  both 
cubic  feet  per  second  and  Montana  miner's  inches,  as  well  as  the 
volumes  in  cubic  feet  at  the  Tilden  rating  station,  from  May  25  to 
September  27,  inclusive. 
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Mly  discharge  of  Big  Ditch  at  Tilden's  ranch,  five  miles  below  head-gates. 


Date. 


Gage  ht. 
m  feet. 


1900. 
May  25 

»' 

26 

»i 

27 

n 

28 

>l 

29 

»» 

ao 

» 

31 

June 

)   1 

It 

2 

n 

3 

l» 

4....  : 

11 

5 

■»i 

6 

«» 

7 

>» 

8 

»» 

9 

■»» 

10 

>» 

11 

»f 

12 

•» 

13 

>i 

U 

15 

i» 

>f 

16 

1* 

17 

18 

»i 

fi 

19  

»» 

20 

11 

21 

»» 

22  

11 

28 

11 

24 

■»» 

25 

)» 

28 

»» 

27 

ti 

28 

»» 

29 

»» 

80 

July 

1 

m' 

2 

»» 

3 

1- 

4 

» 

5 

»i 

6 

f? 

7 

•» 

8 

»» 

9 

t> 

10 

•f 

11 

11 

12 

»» 

18 

»» 

14 

n 

15 

»> 

16 

)> 

17 

»» 

i8 

»» 

19 

»' 

20 

»• 

21 

1) 

22 

It 

23  

t> 

24 

If 

25 

II 

26 

Discharge. 


Second- 
feet. 


Montana 
miner's 
inches. 


1.9 

132.5 

5300 

1.95 

187 

5480 

2.2 

162.6 

6504 

2.1 

152.5 

6100 

2.15 

158 

6320 

2.25 

168.5 

6740 

2.5 

194.8 

7792 

2.5 

194.8 

7792 

2.5 

194.8 

7'.92 

2.7 

215.5 

8620 

2.9 

237 

9480 

8.1 

258 

10320 

3.1 

258 

10!)^ 

3.1 

258 

10820 

3.1 

258 

10820 

3.1 

258 

10320 

S.t 

258 

10820 

3.1 

258 

10320 

3.1 

258 

10320 

8.1 

258 

10320 

8.1 

258 

10320 

8.1 

258 

10320 

3.1 

258 

10320 

3.1 

258 

10320 

3.1 

258 

10320 

3.1 

258 

10320 

3.1 

258 

10320 

3.1 

258 

1082'> 

2.9 

287 

9480 

2.9 

287 

9480 

2.9 

287 

9480 

2.9 

237 

9480 

2.95 

242.5 

9700 

2.95 

242.5 

9700 

3.0 

248 

9920 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

287 

9480 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

287 

9480 

2.9 

287 

9480 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

237 

9480 

2.9 

287 

9^0 

2.8 

226.5 

9060 

2.9 

237 

9480 

2.8 

226.5 

9060 

2.8 

226.5 

9060 

2.8 

226.5 

9060 

2.6 

2IOo 

8200 

2.6 

205 

8200 

2.5 

195 

7800 

2.6 

205 

8200 

2.5 

196 

7800 

2.5 

195 

780) 

2.5 

195 

78  0 

2-5 

195 

7800 

2.5 

195 

7800 

2.5 

195 

7800 

Total  daily 

discharge  in 

cubic  feet. 


11,448.000 
U.8:»,irflO 
14.04S.640 
13,176,000 
13.&51.200 
14.558.400 
16.830.720 
16  8.W.720 
16  8:».720 
18,619.200 
20.476.h00 
22.291.200 
22.291,200 
22,:»1,200 
22,291,200 
22.291,200 
22  291.200 
22.^1.200 
22,291.200 
22.291.200 
22,291.200 
22,291200 
22.291.200 
22  291.200 
22,291.200 
22.291,200 
22.291,2CO 
^.291.200 
20,476.800 
20.476,«00 
20.476.tOO 
20,476vS00 
20.a52.O0O 
2 1,952.000 
21,427.200 
a0,476,«» 
20.4i6,>a) 
20,476.800 
20,476,^00 
20.476,800 
20,476,810 
20.476.S00 
20,476.800 
20.476.800 
20.476.500 
20,476,800 
20.476.800 
20.476.800 
19.569.600 
20476,800 
19.569,600 
19.569.600 
19.569.600 
17,712.000 
17,712,000 
16,848.000 
17,712.000 
16.848.000 
16,84^.000 
16.848,000 
16,848,000 
16.8^48.000 
16.848.000 
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Jnly  27 

ft 

28 

»» 

29 

It 

80 

»» 

31 

Aug. 

1 

»• 

2 

>f 

3 

•> 

4 

n 

5 

»» 

6 

»» 

7 

»» 

8 

il 

9 

t» 

10 

«• 

11 

>l 

12 

»» 

IS 

»l 

14 

»f 

15 

i» 

16 

t» 

17 

•» 

18 

1» 

19 

«l 

20 

1> 

21 

»» 

22 

•» 

28 

t» 

24 

It 

25 

»t 

26 

tl 

27 

28 

40 

»» 


80. 
81. 
Sept.  1. 
2. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15 
16. 
17. 
18. 
19. 
20. 
21. 
22 
28 
24 
25. 
26 
27 


Date 


Gage  ht. 
in  feet. 


2.4 
2.6 
2.6 
2.5 
2.5 
.45 
2.4 
2.4 
2.4 
2.4 
1.7 
2.8 
2.8 
2.1 
2.1 
2.3 
2.2 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.8 


3 
2 
2 

4 


2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 


.9 
.9 
.9 

.8 
.S 
.H 
.S 


2. IT 

2    ? 

2     ! 

2 

1. 

1 

1 

1 

1 

1. 

1 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.6 


Discharge. 


Second- 
feet. 


184.5 

205 

20*> 

195 

195 

189.5 

184.5 

184 

184 

184 

118.5 

174 

174 

147  5 

147.5 

174 

162.6 

147.5 

147.5 

147.5 

147.5 

162.6 

162  6 

174 

174 

162.6 

162.6 

162.6 

162.6 

162.6 

162.6 

162.6 

162.6 

162.6 

147.5 

142.5 

142.5 

112.5 

142.5 

142 

142 

132 

182 

132 

132.5 

147.5 


.5 
.5 
.5 
.5 
.5 


142 
142 
142 


i;i2.5 


182 

182 

122 

122 

122 

122 

113 

118 

101. 5 

104.5 

104.5 

104.5 

101.5 


Montana 
miner's 
inches. 


7:«) 
8210 
S2«-0 
780-) 
7800 
75.S0 
7;i^0 
7H80 
7.S80 
7:«0 
4.%40 
6960 


5900 
5900 
6960 
6504 
5900 
5900 
59G0 
5900 
6504 
6504 
6960 
6960 
6.504 
6504 
6.504 
6504 
6504 
6501 
6504 
6504 
6.^04 
5900 
57C0 
5700 
5700 
5700 
5700 
5700 

5;ioo 

5:»o 
5ajo 

59(X) 
5700 
5700 
57tO 
5.«00 
5.SI  0 
5:«) 
4900 
4900 
490!) 
4900 
4.540 
4540 

4\m 

4180 
41S0 
41^ 
4  ISO 


Total  dail^- 

discharge  in 

cubic  feet. 


15,940.800 
17,712.000 
17,712,000 
16,848.000 
16.848.000 
16.372.f<00 
15,940.800 
15  910.800 
15,940,800 
15,940.800 
9.806.400 
15.088.600 
15.038,600 
12,744,000 
12,744,000 
15.038,600 
14.048  640 
12,744.000 
12.744.000 
12.744.000 
12,744,000 
14.048.640 
14,048,640 
15,038.600 
15,033,600 
14«Oi8,640 
14,018,640 
14,048.640 
14,048,640 
14,048.640 
14.048,640 
14,048.640 
14,048,640 
14.048,640 
12,744,000 
12,812.000 
12.812,000 
12.312,000 
12.312,000 
12,812.000 
12,312.000 
11.448,000 
11.448,000 
11.448.000 
11,448,000 
12,744,000 
12.812.000 
12,312,000 
12,812,000 
11,44S.000 
11.44«,000 
11.44>^.000 
10.5S4,000 
10.584,000 
10.584,000 
10,5S4.000 
9.806.000 
9,80(5.000 
9.02^.800 
9,02S,,H00 
9,0*2.s.S00 
9.02.H.800 
9  02.H.00O 
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The  quantities  passing  this  station  for  each  month  are  as 
follows: 

May  25-31 95,549,760    cubic  feet. 

June 637,899,840 

July 580,132,800 

August 435,214,080 

September  1-27 298,478,880 


it 


u 


(( 


(( 


Total 2,047,275,360 


it 


These  results  show  that  over  2,000,000,000  cubic  feet  of  water 
passed  this  station  during  the  irrigating  season.  As  regards  the 
area  over  which  this  large  volume  of  water  was  applied,  the  funds 
available  for  these  investigations  would  not  permit  of  any  actual 
survey,  but  the  writer  received  from  Mr.  I.  D.  O'Donnell,  the  presi- 
dent and  general  manager  of  the  Big  Ditch  company,  an  estimate 
of  the  areas  irrigated  during  the  past  season  in  the  various  crops, 
the  average  yields,  and  the  probable  values.  The  following  is  Mr. 
O'Donneirs  estimate: 


Crops. 


No.  of 
Acres. 


Alfalfa 

Timothy  and  Blue  Joint 

Oats 

Wheat 

Sundries 

Pasture 

Alkali 

Total 


10,000 
4,000 
4,000 
1,500 
1,500 
4,000 
1,000 


25,000 


No.  of 
Tons. 


50,000 

6,000 

200,000 

37,500 


Value. 


$ 


250,000 
60,000 
67,000 
37,500 
75,000 
3,000 


$  492,500 


Assuming  the  area  to  be  25,000  acres,  and  the  volume  of 
water  conveyed  2,047,275,360  cubic  feet,  the  duty  of  water  under 
this  canal,  irrespective  of  loss  in  conveyance,  would  be  equivalent 
to  that  amount  which  would  cover  each  acre  watered  to  a  depth 
of  1.88  feet,  or  less  than  one-third  of  a  miner's  inch  per  acre  for 
the  season.  The  table  of  discharges  shows,  however,  that  10,320 
miner's  inches  were  applied  for  more  than  two  weeks  in  June,  and 
this  maximum  flow  would  be  equivalent  to  a  trifle  more  than  two- 
fifths  of  a  miner's  inch  per  acre  during  the  busy  season. 
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These  figures  represent  what  may  be  termed  the  gross  duty  of 
water,  and  the  net  duty  would  be  found  after  deducting  all  the 
losses  due  to  seepage  and  evaporation  in  thecanal.  The  loss  in  22 
miles  of  this  canal  last  July,  as  stated  under  the  head  of  **Loss 
from  Seepage  and  Evaporation,''  was  a  trifle  more  than  25  per 
cent,  of  the  total  flow,  and  the  quantity  of  water  entering  the 
farmer's  headgates  would  only  be  three-fourths  of  the  total  avail- 
able supply  at  Tilden's  rating  station.  It  will  be  readily  seen  that 
this  reduction  would  increase  the  duty  proportionately. 

In  addition  to  the  general  test  which  was  made  on  the  largest 
canal  in  Yellowstone  county,  and  one  of  the  largest  in  the  state, 
the  quantity  of  water  used  on  a  large  field  of  alfalfa  was  also 
ascertained.  The  alfalfa  field,  composed  of  a  clay  loam,  formed 
part  of  the  Hesper  farm,  the  property  of  Mr.  I.  D.  O'Donnell.  A 
trapezoidal  weir,  built  under  the  supervision  of  the  writer  at  the 
expense  of  the  owner  of  the  farm,  was  inserted  at  the  highest 
point  of  the  field,  and  a  record  kept  of  the  flow  over  the  weir 
during  the  period  of  ten  days  required  to  irrigate  this  crop.  The 
field  produced  three  crops  of  alfalfa,  which  averaged  for  the  season 
5.17  tons  per  acre,  and  on  September  24  the  fourth  crop  was  eight 
inches  high. 

Duty  of  water  on  alfalfa  in  Yellowstone  County. 


bate  of  Irrigation 

Duration  of  Irrigation hours. . 

Area  irrigated acres . . 

Water  used acre-feet. . 


Average  depth  of  water  applied 
♦Rainfall,  May  1,  to  Sept  15 


Total  depth  of  water  received  during  growth feet. . 

Number  of  irrigators 

Average  head  of  water  used cu.  f t.  per  sec . . 

Average  distance  between  laterals 


First 
Irrigation. 


July  17-27 
240 
53.4 
69.5 


1.30 
.44 


1.74 


3.52 


♦Bozeman  record. 


22  THE  MONTANA  EXPERIMENT  STATION. 


IRRIGATION  INVESTIQATIONS  IN  THE  BITTER  ROOT  VALLEY. 

The  Bitter  Root  valley,  from  an  agricultural  point  of  view,  is 
one  of  the  most  important  in  Montana,  and  one  of  the  most  beau- 
tiful in  the  Rocky  Mountain  region.  Irrigation  investigations 
were  begun  in  May,  1900,  and  continued  throughout  the  season. 
The  cost  of  traveling  between  the  Yellowstone,  Gallatin  and 
Bitter  Root  valleys  took  a  part  of  our  small  appropriation,  and 
the  work  of  the  past  season  in  western  Montana  would  have  been 
limited  in  extent  had  it  not  been  for  the  generous  aid  extended  to 
the  writer  by  the  officers  of  the  Bitter  Root  Stock  Farm.  The 
materials  and  labor  necessary  to  construct  three  large  trapezoidal 
weirs,  one  rating  flume,  and  several  rating  stations,  were  obtained 
from  this  source.  A  rating  station  *was  established  near  the  head 
of  each  of  the  large  canals  taken  out  of  the  Bitter  Root  river  and 
Skalkaho  and  Gird  creeks  soon  after  the  beginning  of  the  irriga- 
tion season,  and  daily  records  kept  by  Mr.  Kippen,  in  charge  of 
irrigation,  of  the  amount  of  water  flowing  in  each.  If  these  sta- 
tions and  records  can  be  maintained  for  another  season,  it  will  be 
possible  to  ascertain  the  duty  of  water  during  two  seasons  of  an 
irrigated  area  of  about  15,000  acres. 

The  upper  part  of  the  valley  consists  of  bottom  lands,  lower 
bench  lands,  aud  upper  bench  lands.  The  older  ditches,  such  as 
the  Surprise  and  Republican,  water  the  river  bottoms;  the  inter- 
mediate ditches,  such  as  the  Ward,  and  Hedge,  water  the  lower 
bench;  while  of  late  years  long  high-line  ditches,  such  as  the  Upper 
Gird,  have  been  constructed  to  supply  water  to  the  upper  benches. 
These  water  courses,  located  one  above  another,  on  the  sloping 
bench  of  the  Bitter  Root  river,  complicate  the  problem  of  seepage 
water.  Already  some  of  the  farms,  and  especially  the  orchard 
tracts,  are  depreciating  in  value,  owing  to  an  excess  of  seepage 
water  from  the  higher  benches.  This  injury  to  low-hang  lands 
will  continue  to  increase  if  radical  measures  are  not  taken  either 
to  lessen  the  waste  or  construct  intercepting  drains.  Before 
attempting  any  improvements  of  this  character,  it  is  advisable  to 
ascertain  the  loss  from  seepage  in  each  canal. 

In  another  part  of  this  report  will  be  found  the  results  of 
seepage  experiments  on  the  Republican  canal.    As  this  canal  skirts 
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the  river  throughout  the  greater  part  of  its  course,  the  seepage 
water  escaping  therefrom  soon  reaches  the  river  channel,  and  can 
therefore  do  Httle  damage,  although  it  is  essential  to  know  the 
quantity  wasted  in  order  to  divide  equably  the  balance.  It  is  to 
be  hoped  that  similar  experiments  may  soon  be  made  on  the  high- 
line  canals  in  order  that  the  loss  in  each  may  be  known,  and  meas- 
ures taken  to  prevent  serious  damage  to  adjacent  lands. 

DUTY  OF   WATER. 

EXPERIHENT  NO  i. 

The  first  experiment  on  the  duty  of  water  in  the  Bitter  Root 
valley  was  made  on  a  forty-acre  tract  of  five-year-old  orchard 
trees  located  on  the  Lower  Ward  ranch  of  the  Bitter  Root 
Stock  farm. 

The  soil  to  a  depth  of  six  inches  is  a  light  vegetable  loam,  and 
beneath  this  top  layer  to  a  depth  of  four  feet  are  to  be  found 
gravel  and  cobble  rock. 

The  water  was  measured  over  a  trapezoidal  weir  box  twelve 
feet  long,  and  a  weir  notch  three  feet  long.  The  rainfall  during 
the  growing  season  was  obtained  from  Mr.  C.  W.  Dougherty, 
weather  observer  at  Corvallis,  a  few  miles  distant.  This  rainfall, 
together  with  the  water  applied  in  four  irrigations,  would  have 
covered  the  orchard,  provided  there  was  no  waste,  to  a  depth  of  a 
trifle  more  than  18  inches. 

The  results  of  this  experiment  are  given  in  the  following  table: 
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I>uty  of  water  on  orchard— Bitter  Root  Stock  Farm. 


First 
Irriga- 
tion. 


Date  of  irrigatioQ . 


Duration  of  irrigation liours . 

Area  irrigated acres. 

Water  Ubed acre-feet . 


Ayeraire  depth  of  water  applied . .  feet . 
Bain-fall.  May  lt»t  to  \ug.  14th... feet. 


Total  depth  of  water  receiTod  dur- 

ffrowth feet.. 

Number  of  irrigrators 

Ayer.  head  water  U8ed..cu.  ft.  per  sec.. 


•April 


April 

28r-ao 

58 
40 
12.25 


Second 

Third 

Irriga- 

Irriga- 

tion. 

tion. 

1 

1 

Jnne 

Jnly 

7-13 

»-U 

153.5 

135.5 

40 

40 

17.57 

28.03 

Foarth 

Irriga- 

Tout. 

tion. 

Angust 

12-14 

57 

904 

40 

40 

1.86 

59.31 

.31 


2.56 


44 


.68 


.03 


1.46 
.13 


1.3) 


2.61 


2.9 


1.57 


•Approximate. 


EXPERIMENT  NO.  a. 


The  second  experiment  was  made  on  a  large  field  of  oats  con- 
taining 161.7  acres,  located  on  the  Prendergast  ranch  of  the  Bitter 
Root  Stock  farm. 

The  field  slopes  at  the  rate  of  nearly  45  feet  to  the  mile,  and 
the  soil  consists  of  about  a  foot  of  black  vegetable  loam  overly- 
ing an  unknown  depth  of  coarse  gravel.  This  field  was  seeded 
April  15,  and  cut  August  10,  and  the  yield  was  5,396  bushels  of 
35  pounds  to  the  bushel. 

The  accompanying  table  shows  that  the  total  quantity  of 
water  applied  was  1.30  feet  of  irrigating  water,  and  0.13  .feet 
of  rain,  or  1.43  feet  in  all,  which  equals  about  17  inches. 


I 
.1 
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Duty  of  water  on  oats— Bitter  Root  Stock  Farm, 


Date  of  irrigation 


Duration  of  irrigation hoars . . 

Area  irrlirated acres . . 

Water  used acre-feet . . 


Averaffe  depth  of  water  applied feet . . 

Rain-fall,  April  15th  to  August  10th feet . . 


feet. 


Total  depth  of  water  received  daring  growth. 

Number  of  irrigators 

Average  head  of  water  used cu.  ft.  per  sec . . 

Average  distancH  between  Oeld  laterals feet . 


First 
Irrigation. 


May  22- 

Juue  11 
49».5 
161.7 
125.75 


Second 
Irrigation. 


July 
21-30 
2^.5 
161.7 
81. 3S 


79 


.50 


Total. 


717 

161.7 

206.98 


1.80 
.18 


8.16 


4.85 


1.48 
175 


EXPERIMENT  NO.   3- 

This  experiment  was  made  on  a  high  gravelly  bench  traversed 
by  numerous  ravines,  and  is  a  typical  example  of  the  enormous 
quantities  of  water  that  may  be  applied  to  certain  bench  lands  by 
the  ordinary  methods  of  irrigating  as  practiced  in  the  mountain 

states. 

On  this  particular  field  of  oats,  containing  102.2  acres,  located 
on  the  Gilchrist  ranch  of  the  Bitter  Root  Stock  farm,  and  supplied 
with  water  from  the  Skalkaho  ditch,  the  farm  laterals  were  from 
150  to  200  feet  apart,  and  the  irrigators  were  on  duty  nine  hours 
out  of  every  twenty -four.    The  yield  was  3,478  bushels  of  oats. 

The  data  pertaining  to  this  experiment  are  given  in  the  follow- 
ing table: 

I>uty  of  water  on  oats  -Bitter  Root  Stock  Farm. 


Date  of  irri^ration, 


Daration of  irri^ration hours, 

Area  irrigated acres. 

Water  used aore-feet , 


Average  depth  of  water  applied feet. 

Kainfall,  April  15tb  to  August  lOtli feet . 


Total  depth  of  water  received  during  growth. feet. 

Number  of  irrigators 

Average  head  of  water  used on.  ft.  per  sec . 

Average  distance  between  field  lateralo feet . 


First 
Irrigation. 


Msy  2a- 

June  19 
056.08 
102.2 
347.46 


Second 
Irrigation. 


3.43 


6.41 


July  1»- 

Aug.  8 

418.17 

102.2 

265.87 


2.68 


Total. 


1074.25 
102.2 
613.83 


6.06 
.13 

6.17 
2 

175 

. 
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SEEPAGE  IN   1X5  RELATION  TO  THE  DUTY   OF  WATER. 

SEEPAGE  DEFINED. 

The  term  seepage  has  a  somewhat  wide  meaning  in  the  irri- 
gated sections  of  the  west.  In  its  broader  sense  it  includes  the 
water  which  is  derived  from  the  absorptive  materials  of  unculti- 
vated hillsides  and  mountain  slopes,  as  well  as  that  which  flows 
beneath  the  beds  of  streams.  In  its  narrower  sense,  it  is  confined 
to  the  water  which  escapes,  or  seeps,  from  ditches,  canals,  reser- 
voirs, and  irrigated  lands. 

For  countless  ages  that  portion  of  the  rainfall  and  melted 
snow  which  if  not  evaporated  sooner  or  later  flows  down  the 
natural  river  courses  to  the  sea.  But  the  western  pioneer  soon 
learned  that  a  part  of  the  water  which  thus  escaped,  if  diverted 
and  applied  to  his  fields,  would  treble  his  yearly  income  from  the 
farm.  The  knowledge  of  this  fact  has  induced  men  to  expend 
enormous  sums  of  money  in  diverting  the  flow  of  streams  from 
their  natural  beds  into  myriads  of  artificial  channels,  w^hich  form 
a  network  of  water  courses  over  areas  that  were  once  dry  and 
barren.  In  this  way  the  slow  and  gradual  processes  of  nature 
have  been  interfered  with.  Man's  necessities  have  forced  him  not 
only  to  utilize  the  water  of  the  stream,  but  to  convey  it  to  distant 
places,  from  which  return  to  the  same  stream  channel  may  be 
impossible.  For  over  half  a  century  this  diversion  of  water  has 
been  going  on  in  the  West,  and  the  student  of  irrigation  is  now 
compelled  to  stop  and  study  the  effiects  produced.  Much  of  this 
change  from  natural  conditions  is  due  to  that  part  of  appro- 
priated waters  w^hich  is  wasted  rather  than  to  that  which 
subserves  a  useful  purpose. 

In  the  orchards  of  Southern  California  seepage  water  is  of  in- 
significant amount  and  of  minor  importance,  for  the  reason  that 
little  water  is  allowed  to  escape.  Through  the  use  of  cemented 
ditches  and  closed  pipes  the  water  is  conveyed  without  loss  from 
the  source  to  the  orchard  tracts.  The  same  economy  is  practiced 
in  its  application  to  the  fruit  trees.  By  frequent  cultivation 
evaporation  is  diminished,  and  the  skillful  irrigator  endeavors  to 
produce  the  desired  results  with  the  minimum  quantity  of  water. 
In  the  Rocky  Mountain  states  the  conditions  are  quite  different 
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Water  is  much  more  abundant.  Instead  of  using  impervious 
channels,  such  as  lined  canals  and  closed  pipes,  water  is  conveyed  in 
open  ditches  over  porous  formations  of  loose  earth  and  gravel.  The 
mode  of  irrigating  known  as  flooding  is  usually  practiced,  not  be- 
cause it  is  the  most  economical  of  water,but  because  it  is  the  cheapest. 
In  view  of  the  fact  that  large  volumes  of  water  are  daily  diverted 
and  applied  to  dry  soil  during  the  summer  season  in  such  a  manner 
as  to  admit  of  a  large  percentage  of  waste,  it  is  not  surprising 
that  this  waste  or  seepage  water  becomes  an  important  factor  in 
the  irrigation  of  a  district. 

SEEPAGE  FROM  IRRIGATION  CANAL5. 

Whenever  water  is  conveyed  in  channels  excavated  in  ordinary 
soils  and  subsoils  a  large  percentage  of  the  flow  is  absorbed  by 
the  porous  materials  forming  the  bottom  and  sides  of  the  channeL 
In  the  past  writers  on  irrigation  have  frequently  attributed  this 
loss  to  evaporation  and  seepage.  This  may  account  for  the  false 
impression  that  prevails  among  irrigators  as  to  the  real  cause  of 
the  loss.  Many  claim  that  it  is  chiefly  due  to  excessive  evapora- 
tion. This  was  the  belief  of  an  intelligent  water-master  whom 
the  writer  met  last  summer.  This  man,  after  thirteen  years  of 
continuous  service  in  operating  a  canal,  had  reached  the  conclu- 
sion that  the  loss  in  conveyance  which  formed  about  one-third  of 
the  total  flow,  was  due  almost  wholly  to  evaporation.  While  as 
a  matter  of  fact,  the  loss  due  to  evaporation  was  so  small  when 
compared  with  that  from  seepage  as  to  be  scarcely  worth  men- 
tioning. On  this  particular  canal  the  quantity  of  water  evapor- 
ated during  a  hot  day  in  midsummer  would  be  equivalent  to  the 
continuous  flow  of  one  cubic  foot  per  second  for  the  same  period, 
while  the  quantity  which  was  lost  by  seepage  amounted  to  about 
7b  cubic  feet  per  second.  In  other  words,  the  loss  due  to  seepage 
was  seventy-five  times  greater  than  that  due  to  evaporation.  It 
is  true  that  a  large  part  of  the  water  used  in  irrigating  is  evapor- 
ated, but  this  takes  place  after  the  water  has  been  spread  out  on 
the  fields,  and  not  to  any  great  extent  while  it  is  confined  in 
the  canal. 

This  fact  should  be  clearly  understood  by  the  irrigators,  other- 
wise the  defects  in  existing  canals  will  not  soon  be  remedied.     So 
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long  as  the  owners  believe  that  the  loss  of  water  is  principally 
■due  to  evaporation,  over  which  they  have  practically  no  control, 
they  will  be  content  to  let  things  alone.  Whereas,  if  the  truth  is 
made  clear  to  them,  that  evaporation  from  the  surface  of  their 
canals  is  insignificant,  and  that  from  fifty  to  a  hundred  times  more 
water  escapes  through  the  lining  of  the  bottom  and  sides,  they 
will  realize  that  this  great  loss  may  be  in  a  measure  prevented, 
and  that  the  stream  which  now  waters  only  seventy-five  acres 
may,  if  conveyed  in  a  more  impervious  channel,  supply  water  for 
one  hundred  acres. 

PERCENTAQB  OF  LOSS  DUE  TO  SEEPAGE. 
WEST  QALLATIN  IRRIGATION  CANAL. 

This  canal  diverts  water  from  the  West  Gallatin  river  in  Galla- 
tin county,  Montana.  Its  intake  is  near  the  mouth  of  the  canyon 
of  the  same  name,  and  its  general  course  is  northwesterly.  In 
capacity,  original  cost,  and  total  length,  this  canal  takes  prece- 
dence over  all  others  in  Gallatin  valley. 

For  the  first  quarter  of  a  mile  it  runs  parallel  to  the  river  in 
deep  cuttings  and  considerably  below  the  bed  of  the  river  to 
obviate  the  necessity  of  constructing  and  maintaining  a  diversion 
dam.  This  portion  was  excavated  to  a  width  of  24  feet  on  a 
grade  of  10.56  feet  per  mile.  At  its  lower  end  are  placed  second- 
ary gates,  with  wastegates  to  allow  the  surplus  water  to  flow- 
back  into  the  river.  Owing  to  the  rapid  descent  of  the  river,  the 
location  of  the  canal  soon  reaches  the  left  bank  of  the  narrow 
river  valley,  and  from  thence  extends  along  the  steep  hillside  in  a 
continuous  series  of  sharp  curves  which  the  numerous  ridges  and 
deep  ravines  necessitate.  The  formation  varies  from  a  loose  vege- 
table loam  on  top  to  sand,  gravel  and  boulders  beneath,  over- 
lying a  soft  sand  rock,  which  is  locally  termed  mud  rock.  The 
softer  portions  of  this  sand  rock  are  readily  disintegrated  by 
seepage  water  from  the  canal,  and  the  harder  portions  frequently 
form  the  bed  of  the  graded  canal,  so  that  it  is  diflScult  to  prevent 
the  water  from  percolating  between  the  subsoil  and  the  rock 
formation.  These  unfavorable  conditions  have  caused  a  consider- 
able number  of  bad  breaks  in  the  upper  ten  miles,  and  increased 
the  loss  due  to  seepage. 
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With  the  exception  of  the  first  quarter  of  a  mile,  the  bottom 
width  at  the  time  of  construction  was  intended  to  be  14?  feet 
throughout  the  length  of  the  main  canal  on  a  grade  ol  a  trifle 
over  three  feet  per  mile,  and  with  earth  slopes  in  excavation  of  one 
vertical  to  one  horizontal.  The  action  of  the  water,  however,  in 
ten  years  ha^  produced  many  changes.  Owing  to  the  deposits  of 
material  at  the  inner  edge,  and  the  placing  of  rip-rap  on  the  outer 
slope,  the  width  is  now  reduced  in  many  places  to  less  than  12  feet. 

In  the  ninth  mile  from  the  intake  a  tunnel  241  feet  long  was 
excavated  to  avoid  a  long  detour  around  a  ridge.  This  tunnel  is 
twelve  feet  wide  and  about  six  feet  high  on  a  steep  grade. 

Twenty-three  miles  from  the  source  the  canal  divides  into  what 
is  known  as  the  Green  lateral  and  the  Hammond  canal.  The 
Hammond  canal  extends  from  the  division  gates,  a  distance  of 
nine  miles,  to  what  is  known  as  the  **Drop,''  where  the  grade 
descends  rapidly  through  a  vertical  elevation  of  300  feet  to  the 
head  of  Camp  creek.  From  the  foot  of  this  drop  the  canal  is  again 
diverted  on  grade  and  is  called  Camp  creek  lateral  to  its  present 
terminus  near  the  39th  mile  post  from  the  headgates  on  the  West 
Gallatin  river. 

The  accompanying  table  shows  that  the  loss  from  seepage  and 
evaporation  throughout  the  entire  length  of  the  main  canal,  a 
distance  of  38%  miles,  was  39.8  cubic  feet  per  second,  or  34.7  per 
cent,  of  the  quantity  diverted  from  the  river. 
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Loss  from  seepage  and  evaporation  on  the  West  Qaliatin  canal. 


Date    of     experi- 
ment. 

Duration  of  exper- 
iment. 

Volume     received 
at  upper  end  of 
canal  section. 

Volume  discharged 
through  laterals. 

Volume  discharged 
at   lower  end  of 
canal  section. 

Volume  lost  in  sec- 
tion of  canal. 

• 

g 
1 

K 

c 

ja 
•*» 

§ 

h3 

Length  of  wotted 
perimeter. 

• 

Width    of    water 
surface. 

Per  cent  of  total 
supply  lost. 

Hrs. 

Sec  -ft. 

Seo.-ft. 

Sec.-ft. 

Seo.-ft. 

Miles. 

Feet. 

Feet. 

July  18 

........ 

•  «   •  ■      •  •  • 

(2) 

114.45 
107.68 
98.71 
99.56 
37.85 
28.11 
J1.47 

107.68 
98.71 
99.56 
87.85 
27.98 
11.47 
11 

6.77 

8.97 

♦  .85 

14.88 

3.16 

4.68 

.47 

3 
2 
4 
14 
9 
2 
AH 

21.97 

19.1 

20 

17.15 

12.47 

13.42 

14.2 

16.72 
12.55 
18.70 
12.45 
9.77 
11.9 
13.5 

5.92 

July  18 

7.88 

July  19 

*     .74 

July  19 
July  20 
July  20 
July.20 

46.83 

6.71 

11-96 

13 

2.6S 
4.08 
0.41 

Total  loss 

39.78 

t 

34.66 

♦Gain. 

(1).    Measurement  at  head  of  this  section  taken  on  the  evening  of  July  18  and  at  the  foot  the 
next  morning. 

(2).    Received  0.125  sec.-ft  from  Gamp  Creek. 

FARMERS'  CANAL. 

This  canal  diverts  water  from  the  West  Gallatin  river  near  the 
town  of  Salesville,  in  Gallatin  county,  and  extends  in  a  north- 
westerly direction  for  a  distance  of  12V^  miles,  terminating  near 
the  western  boundary  of  the  city  of  Bozeman.  It  was  incorpo- 
rated September  26,  1890,  under  the  name  of  the  Excelsior  canal, 
with  a  capital  stock  of  $50,000.  The  stockholders  were  all 
farmers  who  expected  to  use  their  water  shares  on  their  respective 
farms.  The  original  appropriation  was  made  for  5,000  Montana 
statutory  inches,  but  in  the  fall  of  1890,  when  about  half  of  the 
canal  was  completed,  the  company  learned  that  its  capacit3''  was 
far  in  excess  of  the  appropriation.  In  order  to  utilize  the  actual 
volume  conve3^ed  and  to  conform  to  legal  requirements,  the  same 
parties  organized  a  second  company  called  the  Farmers'  Canal 
company,  which  was  incorporated  December  23,  1892.  This 
latter  corporation  purchased  the  water  right,  right-of-way,  im- 
provements, and  other  interests  of  the  former  company,  and 
increased  their  appropriation  to  more  than  double  that  first 
claimed. 
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The  canal  from  the  main  headgates  on  the  West  Gallatin  river 
has  a  fall  of  one-half  inch  to  the  rod  to  Bear  Creek  slough,  where 
a  second  set  of  headgates  is  inserted.  From  the  lower  headgates 
the  route  follows  an  old  mill  ditch  on  a  grade  of  three-eighths  of 
an  inch  to  the  rod,  and  from  the  old  mill  site  to  the  end  the  bottom 
width  is  22  feet  on  a  grade  of  one-twelfth  of  an  inch  to  the  rod. 
From  the  upper  headgates  to  the  old  mill  site,  a  distance  of  1% 
miles,  the  formation  beneath  the  shallow  soil  is  composed  of 
gravel,  cobble  rock  and  boulders.  The  measurements  made  to 
determine  the  loss  from  seepage  did  not  include  the  upper  portion 
of  the  canal  where  this  porous  formation  exists,  but  extended 
from  a  point  1.75  miles  from  the  head  to  the  end  of  the  main 
canal,  a  distance  of  10.75  miles.  This  portion  of  the  canal 
traverses  a  fertile  portion  of  the  Gallatin  valley,  where  the  soil  for 
the  most  part  is  a  claye3'  loam  and  reasonably  deep.  The  loss  as 
given  in  the  following  table  is  therefore  comparatively  small. 

On  July  30,  1900,  the  quantit3'  flowing  past  the  bridge  at 
Story's  old  mill  was  133.1  cubic  feet  per  second,  and  the  loss  in 
10.75  miles  was  23.6  cubic  feet  per  second,  or  17.7  per  cent,  of  the 
total  flow  at  the  place  named. 


Loss  from  seepage  and  evaporation  on  the  Farmers'  canal. 


Date    of     experi- 
ment. 

Duration  of  exper- 
iment. 

Volume     received 
at  upper  end  of 
canal  section. 

Volume  discharged 
throufrh  laterals. 

Volume  discharged 
at  lower  end  of 
canal  section. 

Volume  lost  in  sec- 
tion of  canal. 

1 
Length  of  section. 

• 

Length  of  wetted 
perimeter. 

Width     of    water 
surface. 

Percent,  of  total 
supply  lost. 

Hre. 

Sec.-ft. 

1 
Sec.-ft. 

Sec.-ft. 

Sec.-ft, 

Miles. 

Feet. 

Feet. 

July  80 
July  80 

"'♦dj' 

183.10 
108.61 
ia5.04 

8.44 

108.61 

101.49 

34.18 

16.05 
4.12 
8.42 

2H 
4J* 

20.4 
21.7 
17.17 

16.7 
16.5 
13.5 

12.06 
8.09 

July  81 

67.44 

2.57 

Total  loss 

28.59 

17.71 

**(!)    Received  .55  sec.  ft.  from  another  source. 
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MIDDLE  CREEK  CANAL, 

On  July  10, 1899,  an  experiment  was  made  on  the  main  branch 
of  this  canal  from  the  head  down  to  where  it  branches  into  the 
North  and  East  Forks.  The  results  of  this  experiment  showed 
that  of  a  total  of  98.9  cubic  feet  per  second  received  through  the 
headgates  21.5  cubic  feet  were  lost  in  transmission. 

The  experiment  in  1900  included  the  main  canal  as  well  as  the 
branches.  Of  a  total  quantity  of  65  cubic  feet  per  second  admitted 
on  July  27,  19.4  cubic  feet  were  lost  in  the  main  cati^l  between  the 
headgates  and  the  Forks.  In  the  North  Fork  there  was  a  flow  at 
the  head  of  9  cubic  feet  per  second  on  July  28,  and  the  aggregate 
of  all  the  ditches  diverting  water  from  the  branch  was  11.76,. 
showing  a  gain  of  2.77  cubic  feet  per  second.  This  is  due  to  the 
fact  that  the  seepage  in  this  portion  is  more  than  counterbalanced 
by  the  waste  water  which  flows  into  it  from  the  adjacent  irrigated 
fields.  In  the  East  Fork  there  was  a  slight  loss,  showing  that  the 
flow  of  seepage  and  waste  water  into  the  canal  was  less  than 
that  which  escaped  through  the  sides  and  bottom  of  its  channel. 
The  results  of  this  experiment  are  given  in  the  following  table. 

Loss  from  seepage  and  evaporation  on  the  Middle  Creek  canal. 


ate    of     experi- 
ment. 

ration  of  exp.r- 
tnont. 

lume     received 
t  upper  end  of 
anal  section. 

lume  discharged 
hrough  laterals. 

lume  discharged 
t   lower   end  of 
anal  section. 

lume  lost  in  sec- 
ion  of  canal. 

• 

a 
.2 

t 

ength  of  wetted 
perimeter. 

dth    of    water 
urface. 

rcent    of  total 
Upply  lost. 

9>S 

O  n  O 

©♦* 

3  CB  O 

o*» 

i 

S  • 

o  <• 

Q 

Q 

> 

> 

> 

> 

^ 

^ 

Cu 

Hrs. 

Sec.-ft. 

Sec.-ft. 

See.-ft. 

Sec.-ft. 

Miles. 

Feet, 

Feet. 

June  27 

es.04 

81.19 

19.61 

4 

♦12.24 

4 

• 

10.1 

8.5 

19.4 

In  North 

I 

Fork. 

June  28 

8.99 

11.76 

t  2.77 

2H 

5.5 

4.95 

4.a 

In  East 

Fork. 

June  28 

•  ■      ■■•••' 

10.62 

10.20 

♦    .48 

2 

6.8 

4.85 

0.«7 

♦Lioss. 
fGain. 


»    »    V  > 


Bulletin  29.  LOSS  FROM  SEEPAGE.  33 

LOSS  DUE  TO  SEEPAGE  IN  YELLOWSTONE  COUNTY. 

THE  BIG  DITCH. 

This  canal  was  begun  in  1882  by  the  Minnesota  and  Montana 
Land  and  Improvement  company,  and  completed  several  years 
later  at  a  total  cost  of  $110,000,  of  which  sum  $40,000  were 
expended  on  fluming.  Under  the  able  supervision  of  Mr.  I.  D. 
O'Donnell  the  flumes  across  ravines  have  in  nearly  every  case  been 
replaced  by  earthen  embankments,  so  that  the  cost  of  the  fluming 
novy  in  place  would  not  exceed  $3,000.  This  wise  change  in  con- 
struction will  annually  save  a  large  sum  of  money  in  repairs  and 
maintenance.  The  canal  as  originally  built  was  intended  to  be  30 
feet  on  the  bottom  over  the  upper  portion,  with  side  slopes  of  1  to 
1,  a  water  depth  of  3  feet,  and  a  grade  of  2.5  feet  per  mile.  The 
action  of  the  water  and  atmosphere  in  fifteen  3'ears  has  made 
many  changes. 

The  experiment  to  determine  the  loss  from  seepage  was  made 
on  that  portion  of  the  canal  lying  between  Tilden's  ranch  and  the 
Hesper  farm,  with  an  intermediate  measurement  at  Park  City. 
The  length  of  the  upper  section  was  6  miles,  that  of  the  lower  16 
miles.  The  character  of  the  soil  from  the  headgates  to  Tilden's 
ranch,  a  distance  of  5  miles,  is  porous,  consisting  chiefly  of  sand 
and  gravel;  between  Tilden's  ranch  and  Park  City  it  is  sandy 
loam.  Below  Park  City  for  about  5  miles  it  is  a  heavy  clay  soil, 
and  beyond  it  is  again  a  light  sandy  loam  to  the  terminus  of 
the  canal. 

The  results  as  summarized  in  the  following  table  show  that  on 
August  9,  1900,  254.47  cubic  feet  per  second,  or  10,179  Montana 
miners*  inches,  passed  the  upper  gauging  station,  and  of  this 
amount  16,83  cubic  feet  were  lost  in  the  first  6  miles,  and  48.22 
cubic  feet  per  second  in  the  subsequent  16  miles.  These  make  a 
total  loss  of  65.05  cubic  feet  per  second  in  22  miles,  or  25.55  per 
cent,  of  the  total  flow. 
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Loss  from  seepage  and  evaporation  on  the  Big  Ditch,  Yeiiowstone  County. 


Date    of     experi- 
ment. 

Duration  of  exper- 
iment. 

Volume     received 
at  upper  end  of 
caual  section 

Volume  discharged 
through  laterals. 

Volume  discharged 
at   lower  end  of 
canal  section. 

Volume  lost  in  sec- 
tion of  canal. 

• 

a 

J 

Length  of  wetted 
perimeter. 

Width    of    water 
surface. 

Per  cent  of  total 
supply  lost. 

Aug. 

Hrs. 

Sec  -ft. 

8ec.-ft. 

8ec.-ft. 

8ec.-ft. 

Miles. 

Feet. 

Feet. 

9  and  10 
10  and  13 

48 
60 

254.47 
212.88 

24.76 

72.18 

212.8« 
92.48 

16.83 
48.22 

6 
16 

31.25 
29.5 

29 
26.2 

6.61 
18.94 

Total  loss 

65.05 

25.55 

First  section  Tilden's  ranch  to  Park  City. 
Second  section  Park  City  to  Keeper  Farm. 

LOSS  DUE  TO  SEEPAGE  IN  THE  BITTER  ROOT  VALLEY. 

THE  REPUBLICAN  CANAL,  RAVALLI  COUNTY. 

In  the  spring  of  1883  an  agreement  was  entered  into  between 
C.  T.Jones,  A.  Freeman,  I.  N.  Davis,  Frank  Burgon,  N.J.  Tillman, 
B.  F.  Strange,  James  A.  Chaffin,  W.  H.  Patrick  and  William  Haw- 
ley,  of  the  Bitter  Root  valley,  to  construct  a  ditch  from  Skalkaho 
creek  to  Willow  creek,  for  the  purpose  of  furnishing  water  for  irri-: 
gation.  This  association  was  called  the  Republican  Ditch  com- 
pany. According  to  the  terms  of  the  agreement  each  shareholder 
had  an  equal  interest  in  the  ditch  provided  he  performed  an  equal 
amount  of  labor  in  constructing  and  maintaining  it.  It  was  also 
provided  that  no  shareholder  would  rent  or  give  away  his  share 
of  the  water  to  anyone  not  interested  in  the  ditch.  The  officers 
of  the  association  were  a  president,  secretary  and  foreman. 

Three  years  later,  in  April,  1886,  it  was  decided  to  incorporate 
the  Republican  Ditch  company  with  a  capital  stock  of  $4,000, 
divided  into  80  shares  of  $50  each. 

At  a  meeting  of  the  stockholders  held  in  June,  1889,  it  was 
decided  to  extend  the  ditch  from  its  point  of  diversion  in  Skalkaho 
creek  to  the  Bitter  Root  river,  near  the  mouth  of  Sleeping  Child 
creek,  a  distance  of  4%  miles.  At  the  same  meeting  the  capital 
stock  was  increased  from  $4,000  to  $10,700,  divided  into  214 
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shares  at  a  par  value  of  $50  a  share.  New  by-laws  were  adopted 
in  1896,  but  in  other  respects  there  have  been  few  important 
changes.  Of  late  years  the  Bitter  Root  Stock  farm  has  made  large 
investments  in  this  old  canal,  and  now  has  the  controlling 
interest. 

During  the  past  year  extensive  and  costly  improvements  have 
been  made  at  the  point  of  diversion.  A  crib  dam  has  been  con- 
structed across  the  Bitter  Root  river  for  the  purpose  of  diverting 
water  into  the  Republican  ditch,  and  the  new  headgates,  waste- 
ways,  secondary  gates,  and  river  cribbing  are  substantial 
structures. 

Prior  to  last  spring  no  accurate  data  had  been  obtained  in 
regard  to  the  volume  of  water  carried  in  this  canal  and  the  per- 
centage of  loss  due  to  seepage;  nor  had  any  accurate  means  been 
used  to  divide  the  flow  pro  rata  among  the  stockholders. 

One  of  the  objects  that  the  writer  had  in  view  in  making 
experiments  on  this  canal  during  the  past  season  was  to  introduce 
into  this  part  of  the  state  improved  methods  of  distributing 
water.  So  long  as  the  loss  due  to  seepage  and  evaporation  in 
twelve  miles  of  main  canal  was  unknown,  any  attempt  to  appor- 
tion the  water  equably  among  the  stockholders  would  be  mere 
guesswork.  Knowing  the  net  flow  available  after  all  losses  in 
conveyance  are  deducted,  it  only  becomes  necessary  to  devise  suit- 
able measuring  boxes  which  would  give  to  each  lateral  its  propor- 
tionate share. 

The  results  of  the  experiment  to  determine  the  loss  from  seep- 
age made  in  July,  1900,  are  given  in  the  following  table.  The  loss 
in  the  first  section,  from  the  head  to  the  town  of  Grantsdale,  3  3-5 
miles,  is  34.33  cubic  feet  per  second;  that  in  the  next  section, 
from  Grantsdale  to  the  lower  end  of  the  Corvallis  ranch,  6  4-5 
miles,  is  only  3.85  cubic  feet,  while  the  loss  in  the  remaining  sec- 
tion to  the  end  of  the  main  canal  at  the  Cowan  headgate,  is  only 
0.66  cubic  feet  per  second.  These  figures  show  that  the  greater 
part  of  the  loss  is  in  the  upper  third  of  the  canal  through  the 
gravelly  formation  extending  from  the  headgates  to  the  north  line 
of  the  town  of  Grantsdale. 
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Los«  from  seepage  and  evaporation  on  the  Republican  canal. 
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120.49 

9. SI 

76.84 
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3  8-5 

17.87 

12.75 

28.57 

July  28 

2A 

76.84 

64.75 

11.74 

3.85 

6  4-5 
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8.20 

July  21 
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11.03 
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CONDITIONS  AFFECTING  SEEPAGE  FROM  CANALS. 


Until  recent  years  the  question  of  loss  from  irrigation  canals 
received  little  attention.  The  owners  sought  to  excavate  a  chan- 
nel of  suflScient  cross-section  and  fall  to  carry  the  desired  quantity 
of  water,  but  when  this  was  accomplished,  they  gave  little  heed 
to  the  large  volume  which  w^as  lost  in  flowing  through  the  canal. 
If  even  a  small  fraction  of  this  loss  had  escaped  over  the  top  of  a 
low  embankment  where  the  ditch  rider  could  have  observed  it,  the 
defect  would  have  been  at  once  remedied.  But  because  the  escap- 
ing water  percolated  through  the  porous  bottom  of  the  channel 
unobserved  and  without  anv  visible  effects  on  the  surface  near  the 
right-of-way  .of  the  canal,  it  w^as  permitted  to  flow  on  undis- 
turbed. This  problem,  like  many  more  connected  with  irrigation, 
is  too  complicated  for  the  ordinary  irrigator  or  canal  owner  to 
solve.  It  belongs  by  right  to  the  scientific  bureaus  of  the  nation 
and  the  experiment  stations  of  the  west. 

(1.)  Character  OF  the  Channel. — ^The  nature  of  the  soil 
through  which  it  is  proposed  to  build  a  canal  greatly  affiects  the 
subsequent  loss  by  seepage.  If  it  be  composed  for  the  most  part 
of  clay  there  will  be  but  little  loss  from  this  cause.  If,  on  the  other 
hand,  the  material  be  either  sand  or  gravel,  the  loss  may  be  very 
great.  In  the  building  of  canals,  the  source  of  supply,  the  route 
and    the  carrying  capacity  are  carefully   considered,  but  if  the 
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knowledge  gained  from  other  canals  excavated  in  like  material 
goes  to  show  that  50  per  cent,  is  likely  to  be  lost  in  seepage,  this 
one  feature  may  become  of  prime  importance.  The  great  need  at 
the  present  time  is  for  more  accurate  data  in  relation  to  the  seep- 
age from  canals  now  in  operation;  so  that  when  a  new  enterprise 
is  planned  and  the  materials  along  the  route  of  the  proposed  canal 
examined,  it  will  be  possible  to  predict  within  certain  limits  what 
tHe  loss  from  seepage  will  be.  If,  for  example,  a  conclusion  based 
on  accurate  data  were  reached  that  the  proposed  canal  would  lose 
by  seepage  30  per  cent,  of  its  entire  flow,  either  the  route  should 
be  changed  or  the  style  of  construction  modified  so  as  to  render 
the  channel  more  impervious.  In  the  past  men  have  built  canals 
along  sandy  and  gravelly  hillsides,  knowing  that  the  loss  would 
be  excessive  at  first,  but  hoping  that  the  sediment  borne  by  the 
water  would  in  time  fill  up  the  interstices  between  the  particles  of 
the  coarse  material.  There  is  no  question  but  that  this  change  is 
gradually  brought  about,  provided  the  velocity  of  the  water  is 
such  as  to  admit  of  the  deposition  of  sediment. 

Thirty-two  years  ago  a  canal  known  as  the  Utah  and  Salt 
Lake  Canal  was  built  from  a  place  on  the  Jordan  river  known  as 
the  Jordan  Narrows,  and  extended  for  a  distance  of  about  28 
miles  in  a  northerly  direction  towards  Great  Salt  Lake.  The  bot- 
tom width  was  30  feet  near  the  head  and  over  the  greater  part  of 
its  length;  the  fall  was  18  inches  to  the  mile.  Soon  after  the  canal 
was  completed  and  in  operation,  Mr.  McAlister  found  the  loss  to 
be  about  50  per  cent,  of  the  flow  through  the  headgates.  Twenty- 
five  years  later  the  author,  by  making  about  sixty  measurements^ 
found  the  loss  to  be  22  per  cent.  This  canal  may  be  taken  as  a 
type  to  represent  a  large  number.  The  figures  given  above  go  to 
show  that  with  a  slight  grade  the  open  spaces  through  which  the 
water  percolates  will  in  time  become  filled  with  sediment.  He 
who  waits  on  nature's  remedy,  however,  may  wait  too  Jong. 
Water  is  becoming  too  valuable  to  be  wasted  in  so  large  quanti- 
ties. In  the  case  above  referred  to  the  loss  at  the  eiid  of  25  years 
was  40  second-feet,  or  1,600  Montana  inches. 

(2.)  Velocity  of  the  Water.— The  rate  at  which  water 
moves  in  a  canal  has  much  to  do  with  the  porosity  of  the  channel 
and  the  consequent  loss  by  seepage.     When  the  speed  is  too  greats 
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the  sediment  and  finer  particles  of  soil  are  carried  down  by  the 
current,  leaving  a  bed  of  well  washed  gravel  and  cobble  rock. 
Many  irrigators  are  of  the  opinion  that  if  they  can  convey  water 
over  loose,  gravelly  formations  at  a  high  rate  of  speed,  the  loss  by 
seepage  will  be  much  reduced.  There  would  seem  to  be  little 
truth  in  this  theory.  It  is  a  well  known  fact  that  when  a  channel 
becomes  eroded  by  the  action  of  water  the  loss  by  percolation  is 
greatly  increased.  It  is  also  true,  as  will  be  noticed  hereafter,  that 
the  greater  the  depth  of  water  the  greater  will  be  the  percolation, 
and  in  a  channel  of  low  velocitv,  the  cross-section  of  which  the 
depth  is  an  important  factor,  will  have  to  be  much  increased  over 
that  carrying  an  equal  amount  of  water  at  a  high  rate  of  speed. 
About  all  that  can  be  stated  in  favor  of  this  theory  is  that  a  body 
of  water  flowing  at  a  high  velocity  requires  a  much  smaller  chan- 
nel than  a  similar  body  flowing  at  a  low  velocity,  and  that,  other 
things  being  equal,  the  loss  is  proportional  in  a  way  to  the  size  of 
the  channel.  On  the  other  hand,  the  results  of  measurements 
show  that  the  loss  by  percolation  around  the  perimeter  of  a  canal 
on  a  steep  grade,  and  eroded  by  the  action  of  water,  is  much 
greater  than  it  would  be  if  the  grade  were  reduced,  the  velocity 
low,  the  bed  lined  with  sediment,  and  the  cross-section  increased. 
Much  of  the  loss  due  to  seepage  from  the  canals  in  this  state  is 
traceable  to  the  injurious  effects  of  steep  grades,  high  velocities, 
and  channel  beds  that  are  scoured  clean  of  all  sediment  and  clay* 
Laterals  have  been  built  on  the  natural  slopes  of  the  country  irre- 
spective of  the  fall.  In  many  instances  the  fall  is  from  50  to  100 
feet  per  mile,  and  the  effiect  of  the  high  velocity  thus  produced  is  to 
wash  away  the  bed  until  a  porous,  rocky  formation  is  reached.  In 
places  where  the  soil  is  deep  the  effiect  of  the  current  is  to  under- 
mine the  banks,  which  cave  in  and  are  washed  down  stream,  thus 
forming  wide  and  deep  chasms  through  cultivated  farms  that 
detract  much  from  their  appearance  and  value. 

One  of  the  most  difficult  tasks  in  canal  construction  is  to 
adjust  the  grade  in  such  a  way  that  the  water  will  move  neither 
too  rapidly  nor  too  slowly.  Some  of  the  injurious  effects  of  too 
high  velocities  have  already  been  noted;  those  resulting  from  a 
sluggish  current  are  the  lessened  carrying  capacity,  the  gradual 
formation  of  sediment  until  the  channel  is  much  reduced  in  area. 
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and  the  growth  of  aquatic  plants.  Experience  has  shown  that  in 
ordinary  soils  a  mean  velocity  of  from  2%  to  2%  feet  per  second 
may  be  used  without  incurring  any  risk  of  filling  the  canal  with 
silt,  or,  on  the  other  hand,  of  having  the  bottom  scoured  by  too 
rapid  a  current. 

(3.)  Manner  of  Building.— There  is  usually  a  right  and  a 
wrong  way  of  doing  things,  and  canal  building  is  no  exception  to 
this  rule.  If  built  in  the  wrong  way  the  owner  pays  yearly  tribute 
to  the  defects  in  the  original  construction  in  the  form  of  water  lost 
by  seepage.  A  common  defect  is  to  form  the  embankments  on  top 
of  the  original  surface  without  first  plowing  up  the  sod  or  remov- 
ing the  weeds  and  sagebrush.  The  result  is  a  leakage  along  the 
original  surface  whenever  the  water  in  the  canal  rises  above  the 
excavated  portion.  The  surface  beneath  the  embankments  should 
first  be  plowed  deep,  all  vegetable  matter  removed,  and  a  w^ater- 
tight  joint,  as  it  were,  made  between  the  made  earth  and  the 
natural  soil. 

In  the  early  days  of  irrigation  in  Colorado,  when  the  author 
first  went  to  that  state,  they  built  canals  in  much  the  same  way 
as  they  dug  their  cellars.  The  sole  aim  seemed  to  be  the  removal 
of  the  earth  from  the  canal  site,  to  be  heaped  on  the  edges  without 
any  regard  to  either  appearance  or  utility.  Experience  has  since 
taught  the  irrigators  of  the  West  that  every  yard  excavated 
should  be  made  to  serve  the  double  purpose  of  making  a  channel 
and  forming  an  embankment.  To  accomplish  this  end,  the  top  of 
the  embankments  should  be  as  regular  and  as  true  to  grade  as  the 
bed  of  the  canal.  The  sole  purpose  of  a  canal  is  to  convey  water 
from  one  place  to  another,  but  if  one-third  seeps  through  the  bot- 
tom and  sides  along  the  route,  the  usefulness  of  such  a  canal  may 
be  called  in  question.  It  is  not  enough  that  we  merely  provide  a 
channel  for  the  water  to  flow  through,  we  should  also  ascertain  if 
it  will  hold  water.  If  not,  the  proper  time  to  remedy  so  serious  a 
defect  is  when  the  canal  is  being  built.  It  costs  but  a  trifle  more 
to  excavate  the  bed  a  few  inches  below  grade  and  fill  the  space 
thus  made  with  good  puddle.  If  this  were  done  at  the  worst 
places  along  the  route,  the  value  of  the  water  thus  saved  for  one 
season  would  frequently  pay  for  the  extra  cost  involved. 
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(4.)  VoLiTMEOF  Water  Conveyed.— The  loss  from  seepage 
usually  varies  more  or  less  directly  with  the  volume  carried.  When 
water  is  fisrt  turned  into  new  ditches  and  canals  the  loss  may  be 
excessive  for  the  first  season,  but  in  time,  if  the  grades  have  been 
properly  adjusted,  a  coating  forms  over  the  bottom  and  sides 
which  diminishes  the  loss.  If  the  water  is  held  at  the  same  level  for 
a  number  of  seasons  there  will  be  little  change  in  the  volume  lost 
by  seepage.  As  soon,  however,  as  the  water  in  the  canal  is  raised, 
the  pressure  is  not  only  increased,  but  new  surfaces  uncoated  by 
silt  come  in  contact  with  the  water  and  increase  the  loss.  Thisfluctu- 
ation  in  the  quantity  of  seepage  water  makes  it  difficult  to  appor- 
tion the  water  equably  among  shareholders.  Except  in  the  case  of 
old  canals,  the  area  of  land  watered  by  each  is  annually  increased, 
and  every  additional  acre  reclaimed  calls  for  an  extra  supply  of 
water.  This  yearly  change  is,  after  all,  perhaps  not  so  important 
as  the  fluctuations  during  the  irrigation  season.  Only  a  small 
amount  may  be  turned  in  at  first,  but  as  the  season  advances  the 
supply  is  gradually  increased  until  a  full  head  is  reached.  This 
fall  head  is  maintained  until  the  crop  begins  to  mature,  when  a 
portion  is  turned  off,  and  the  supply  is  gradually  reduced  until 
there  may  be  only  enough  left  in  the  canal  to  water  stock.  This 
gradual  increase  in  the  volume  carried  in  the  spring,  followed  by  a 
gradual  decrease  in  the  fall,  causes  a  corresponding  fluctuation  in 
the  quantity  which  seeps  through  the  bottom  and  sides  of 
the  canal. 

In  view  of  the  conditions  named  above  it  would  be  difficult  to 
detertnine  for  each  definite  volume  carried  the  percentage  of  loss. 
The  most  that  can  be  expected  is  the  making  of  tests  during  peri- 
ods of  maximum  flow.  The  results  will  enable  the  superintendent,, 
or  ditch  rider,  to  allow  the  necessary  amount  for  waste,  and 
apportion  the  balance  to  the  rightful  owners,  at  a  time  when  all 
the  water  is  needed.  The  amount  wasted  in  spring  or  fall  when 
the  canal  is  only  partly  filled  is  less  important;  for  the  reason  that 
there  is  no  scarcity  of  water.  The  supply  is  adequate  for  all 
demands.  Experiments  on  seepage  should  therefore  be  made  with 
a  full  head  in  order  that  the  greatest  loss  may  be  known,  and  the 
total  flow  diminished  by  this  loss  would  represent  the  volume 
available  at  the  headgates  of  the  farmers'  laterals. 
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HOW  TO  LESSEN  THE  SEEPAGE  LOSS  FROM  CANALS. 

The  quantity  of  seepage  water  from  canals  not  only  reduces 
the  available  supply,  but  frequently  damages  low-lying  adjacent 
lands.  In  estimating  the  cost  of  making  canals  more  impervious, 
it  is  well  to  consider  this  question  of  depreciation  in  land  values. 
Whenever  there  are  good  reasons  to  believe  that  the  water  which 
escapes  from  canals  is  creating  marshes  or  causing  the  rise  of 
alkali  in  what  were  formerly  fertile  tracts,  an  additional  expendi- 
ture may  be  made  in  order  to  prevent  or  lessen  such  damage. 

Various  devices  have  been  used  in  different  parts  of  the  West 
to  decrease  the  loss  from  earthen  canals  or  ditches.  '  Of  these  the 
wooden  flume  is  the  most  common.  Over  a  decade  ago  enormous 
sums  of  money  were  expended  in  building  wooden  flumes  on  irri- 
gation systems.  It  was  found,  however,  that  these  structures, 
particularly  when  they  came  in  contact  with  the  soil,  had  to  be 
renewed  in  from  six  to  ten  years.  So  many  perishable  structures 
greatly  increased  the  annual  cost  of  maintenance.  To  lessen  this 
heavy  yearly  expenditure  other  devices,  such  as  wooden  stave 
pipes  kept  under  pressure,  cement  and  asphalt  concrete  linings  and 
well  puddled  earth  were  introduced. 

Both  land  and  water  are  still  moderately  cheap  in  Montana', 
and  it  would  not  pay  to  expend  any  large  sum  of  money  in  either 
preventing  or  lessening  the  seepage  flow.  Pipes  of  all  kinds  at 
current  prices  are  expensive,  and  the  climatic  conditions  might 
render  both  asphalt  and  cement  concrete  linings  unsuitable. 

Clay  Puddle. — Much  of  the  water  now  wasted  in  conveyance 
might  be  saved  by  the  use  of  clay  puddle.  Clay  and  water,  or 
clay  and  water  mixed  with  sand  and  gravel,  will  make  good 
puddle.  These  materials  are  both  cheap  and  abundant,  and  can 
usually  be  found  along  the  route  of  the  canal.  New  canals  over 
gravelly  bars  should  be  excavated  about  nine  inches  below  grade* 
and  this  space  filled  with  clay.  The  bed  may  then  be  harrowed  to 
reduce  the  clay  to  fine  particles.  It  should  then  be  dampened 
either  by  a  street  sprinkler  Or  by  allowing  a  small  amount  of 
water  to  flow  through  the  channel.  By  driving  stock,  preferably 
sheep,  back  and  forth  over  the  canal,  when  the  clay  is  sufficiently 
moist,  a  good  puddle  will  be  formed. 
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Should  the  current  be  liable  to  wash  away  the  puddled  clay  a 
layer  of  gravel  should  be  placed  over  it  and  well  rammed  down 
•either  by  the  feet  of  animals  or  by  the  use  of  tamping  bars.  The 
sides  of  the  ditch  or  canal  can  best  be  lined  by  making  an  extra 
quantity  of  puddle  in  the  bed  and  placing  a  part  on  each  side. 
For  this  purpose  the  clay  should  be  mixed  with  gravel  to  make  it 
more  rigid. 

Last  spring  Mr.  M.  D.  Kippen,  of  Hamilton,  Montana,  intro- 
duced a  novel  method  of  preventing  seepage.  The  canal  was  new, 
and  wtien  water  was  first  turned  in  there  was  not  only  an 
-excessive  amount  of  seepage,  but  a  break  occurred  at  a  gravelly 
point  on  the  steep  sidehill.  To  make  this  portion  of  the  canal 
safe  the  bed  and  slopes  were  excavated  to  a  depth  of  from  four  to 
six  inches  below  grade.  Gunny  sacks  were  then  cut  op>en,  sewed 
together,  laid  with  a  slight  lap  over  the  bottom,  and  held  down 
by  cleats.     The  best  material  available,  which  in  the  case  under 

-consideration  consisted  of  vegetable  loam,  was  then  placed  over 
the  sacks  to  a  depth  of  from  four  to  six  inches.  About  two 
months  later  the  writer  examined  the  part  of  the  canal  lined  in  the 
manner  described  and  found  it  to  be  water-tight  when  under  a 
medium  head  of  water. 
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J.  W.  Blankinship,  Botanist. 


I;  GENERAL  STUDY  OF  THE  WEED  FLORA. 

INTRODUCTION. 

In  the  study  of  the  economic  features  of  a  new  state  like  Mon- 
tana, where  relatively  little  has  been  done  toward  a  systematic 
biological  suryey  of  its  natural  productions,  the  botanist  is 
seriously  handicapped  by  the  lack  of  available  scientific  collections 
to  represent  the  different  species  of  plants  in  the  state  and  to  show 
their  relative  abundance  and  distribution.  Practically  all  this 
flora  is  of  economic  import,  either  to  benefit  or  injure  the  indus- 
tries of  man.  The  forests  are  utilized  for  wood  and  lumber;  the 
shrubs  serve  as  forest  nurseries,  the  herbs  and  grasses  for  forage. 
Many  are  capable  of  economic  cultivation  for  their  fruit,  for  shade 
or  for  ornament,  while  others  are  harmful  and  need  restraint. 
Parasitic  fungi  attack  our  crops  and  greatly  reduce  the  yield; 
many  plants  are  poisonous  to  stock  and  cause  extensive  loss;  some 
ill-flavor  the  milk  of  cows  or  the  honey  of  bees;  while  the  spines  of 
cacti  and  the  awns  of  grasses  seriously  injure  the  mouth  of  stock, 
and  weeds  mar  our  yards  and  highways  and  compete  successfully 
with  growing  crops. 

In  order  to  combat  these  pests  intelligenth'  or  to  make  the 
best  use  of  the  native  plants  in  our  industrial  life,  it  is  necessary  to 
know  their  life  history,  their  habits  and  their  distribution  within 
the  state,  and  these  facts  can  be  secured  only  from  a  representative 
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collection  of  the  species  in  a  herbarium  and  from  the  study  of  the 
different  plants  in  the  field.  Without  this  data,  it  is  impossible  to 
draw  accurate  conclusions  as  to  the  abundance  and  utilitv  or 
harmfulness  of  any  economic  group.  Although  much  has  now 
been  done  at  this  Station  toward  securing  the  necessary  collections 
of  the  native  flora  and  in  the  study  of  the  economic  cbnditions  of 
the  various  parts  of  the  state,  any  present  treattnent  of  a  large 
economic  group,  like  the  weeds,  must  of  necessity  be  very  imper- 
fect, as  large  and  important  sections  of  the  state  are  nearly 
unknown  scientifically  and  several  large  agricultural  districts  have 
not  been  visited. 

The  study  of  the  weeds  of  any  region  must  include  the  sources 
of  infection  and  the  means  by  yvhich  they  spread  over  the  country 
when  once  introduced,  as  well  as  the  adaptation  of  native  plants 
to  conditions  of  tillage  and  habitation  and  the  means  to  be 
adopted  for  their  restraint  and  eradication.  The  subject  is  of 
special  interest  in  a  new  state  like  Montana,  where  the  population 
is  relatively  scant  and  the  agricultural  districts  are  widely 
separated  from  each  other  and  often  from  direct  weed  infection 
from  abroad  and  whe:re  the  distribution  and  composition  of  the 
native  flora  is  rapidly  changing,  owing  to  the  increased  settlement 
and.  effects  of  grazing  immense  herds  of  stock  over  the  unculti- 
vated portions.  It  is  also  desirable  to  make  note  of  the  present 
status  of  these  weeds  in  the  state  in  order  to  observe  their  future 
histor3^  Many  introduced  species  are  unsuited  to  our  climatic 
conditions  and  die  out  or  maintain  a  precarious  existence  here,  so 
that  they  may  well  be  disregarded  as  a  source  of  danger.  Others 
that  appear  harmless  in  the  Eastern  states  may  here  develop  most 
dangerous  habits  and  require  the  combined  efforts  of  acommunity, 
or  even  the  aid  of  the  state,  to  check  their  spread  or  effect  their 
destruction.  It  is  the  object  of  this  paper  to  present  a  summary 
of  our  present  knowledge  of  the  weeds  of  this  state,  to  indicate 
the  most  dangerous  introductions  and  suggest  means  for  their 
restraint  or  eradication.  It  is  hoped  that  fanners,  stockmen  and 
others  interested,  will  send  this  Station  specimens  of  any  plant 
found  troublesome  or  threatening  to  become  a  pest  in  their 
vicinity,  so  that  the  species  may  be  determined,  its  habits  studied 
and  timely  warning  given  to  other  parts  of  the  state,  that  prompt 
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stqps  be  taken  to  effect  its  extermination  should  it  prove  a  serious 
danger.  All  the  plates  used  are  from  the  Division  of  Botany  of 
the  Department  ot  Agriculture  at  Washington  by  whose  kind- 
ness we  are  able  to  give  a  tair  representation  of  many  species 
which  would  otherwise  be  difficult  to  describe. 

GENERAL  CHARACTERISTICS  OF  WEEDS. 

Of  the  various  groups  of  plants  troublesome  to  man,  the 
weeds  are  of  prime  importance  because  of  their  abundance  and 
general  distribution,  and  from  their  unceasing  struggle  with  the 
farmer  for  the  possession  of  the  fields.  The  weeds  are  that  group 
of  troublesome  plants,  which  promptly  occupy  soil  on  which  th^ 
native  vegetation  has  been  greatly  weakened  or  destroyed  by  the 
operations  of  man  and  his  domestic  animals  and  which  grow  and 
flourish  under  conditions  of  habitation,  cultivation,  travel  and 
pasturage,  and  occur  but  rarely  removed  from  these  conditions. 
They  are  objectionable  because  they  tend  to  crowd  out  plants 
more  desirable  in  our  lawns,  meadows  and  pastures,  because  they 
render  our  yards,  streets  and  waysides  unsightly  and  spread 
thence  into  our  gardens  and  fields,  where  they  choke  out  the  grow- 
ing crops  and  rob  them  of  needful  food  and  moisture,  and  because 
their  seeds,  mixed  in  the  grain  used  for  food  by  man  and  stock  are 
unpalatable,  or  even  hurtful.  Yet,  in  most  of  their  characteris- 
tics, weeds  differ  from  cultivated  plants  onh'  in  their  lack  of 
economic  value  and  their  greater  hardiness,  and  the  cultivated 
plants  themselves,  under  favorable  conditions,  not  infrequently 
escape  and  become  pernicious  weeds,  like  the  carrot,  radish  and 
turnip  in  certain  sections  of  the  Union. 

Btrt  there  are  certain  characters  and  adaptations  of  weeds, 
which  enable  them  to  grow  and  spread  Yaster  than  other  plants 
and  give  them  a  peculiar  relation  to  civilized  life. 

Their  habit  of  occupying  lands  denuded  of  their  natural  vege- 
tation renders  them  free  from  all  competition  except  among  them- 
selves. The3'  have  often  wide-spreading  basal  leaves  and  spread- 
ing or  prostrate  branches,  which  enable  them  to  crowd  aside  other 
plants,  or  their  vigorous  growth  permits  them  to  overtop  and 
shade  out  more  slow  growing  species.  They  are  usually  pro- 
tected aecainst  herbivorous  animals  by  growing   within   fenced 
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enclosures  or  in  streets  and  lanes,  where  there  is  less  pasturage. 
Those  found  in  meadows  and  pastures  are  frequently  acaulescent 
(stemless),  like  the  dandelion  and  plantain,  while  along  streets 
and  highways  they  are  often  prostrate,  as  in  the  case  of  pigweed 
pursley,  knotgrass,  vervain,  carpet  weed,  and  wild  toraato,  a 
habit  which  puts  them  beyond  the  reach  of  most  grazing  animals. 
Many  have  bitter  or  poisonous  secretions  or  excretions  which 
cause  them  to  be  avoided  by  animals,  and  others  develop  spines, 
prickles  or  stinging  hairs  for  the  same  purpose.  A  considerable 
number  of  weeds  are  able  to  germinate  on  and  penetrate  with 
their  roots  the  packed  soil  of  street  and  roadside  and  to  with- 
stand the  excessive  dryness  of  the  later  summer,  when  many  other 
plants  would  die  under  similar  conditions. 

But  one  of  the  most  remarkable  characters  of  weeds  is  their 
wonderful  power  of  reproduction.  Many  annuals  begin  blooming 
almost  as  soon  as  they  are  out  of  the  ground  and  produce  seed 
until  the  frosts  of  autumn,  not  rarely  going  through  several  gen- 
erations in  a  single  season,  while  the  number  of  seeds  produced  by 
a  single  plant  often  mounts  up  into  hundreds  of  thousands.  With 
most  other  plants  the  season  is  far  advanced  before  they  attain 
maturity,  or  their  period  of  fruiting  is  limited  to  a  short  season  in 
early  spring  and  the  number  of  seeds  produced  is  relativeh'  small. 
The  seeds  of  many  weeds  are  also  remarkable  for  their  vitality, 
and  are  often  able  to  germinate  a  dozen  or  more  years  after  being 
exposed  to  ordinary'  soil  conditions,  and  it  is  this  property  which 
renders  the  sunflower,  wild  oat,  wild  mustard,  pigweed  pursely, 
wild  tomato,  tumble-weed  and  others  so  difficult  to  exterminate 
when  they  have  once  become  established.  A  number  of  species  are 
more  or  less  fleshy  so  that  they  are  able  to  take  root  again  after 
being  dug  up,  or  are  at  least  able  to  mature  the  seeds  already  set, 
and  this  habit  makes  them  palatable  lor  stock  and  thus  aids  in 
the  distribution  of  their  seed.  The  large  fleshy  roots  of  the 
dandelion  and  docks  are  difficult  to  kill  while  the  underground 
stems  of  the  wild  morning  glory,  the  Canada  thistle,  sheep-sorrel, 
milk-weed,  wild  liquorice,  &c.,  not  only  spread  the  parent  plant, 
but  are  even  aided  bj^  the  processes  of  cultivation. 

But  weeds  also  labor  under  certain  disadvantages.  Nearh^  all 
species  are  desirable  food  for  stock,  of  which  they  take  advantage 
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to  scatter  their  seeds.  By  far  the  larger  part  are  annuals 
and  are  hence  unable,  when  left  to  their  own  resources,  to  long 
compete  with  the  more  enduring  native  species.  Biennials  are 
particularly  weak,  being  unfitted  for  the  annual  upturning  of  the 
soil  in  cultivation  or  for  extended  contests  with  the  perennial 
species,  finding  their  natural  conditions  only  in  waste  places  and 
along  highways.  Weeds  must  also  contend  in  unceasing  passive 
warfare  with  man,  whose  interests  they  endanger,  but  who  pro- 
vides them  with  conditions  best  suited  for  their  growth. 

MEANS  OF  DISTRIBUTION. 

Weeds,  like  other  plants,  are  dependent  upon  physical  agencies 
for  the  distribution  of  their  seed,  but  rely  more  largely  upon  man 
and  domestic  animals  for  this  aid.  It  may  be  well  to  enumerate  a 
few  of  the  principal  means  thus  employed. 

A  considerable  number  of  species  depend  upon  the  wind  to 
scatter  their  seeds  and  such  weeds  produce  feathery,  hairy  or 
winged  seeds  or  have  their  seed  envelopes  so  modified  as  to  aid  in 
such  dissemination.  Among  these  are  the  thistles,  fireweed, 
dandelion,  milkweed,  sow-thistle  and  ragweed  (Erigeron),  while 
the  docks,  pennycress  and  orache  are  likewise  assisted  by  their 
winged  fruit  pods  and  appendages.  Again,  a  group  of  plants 
called  **tumble-weeds,''  adapted  particularly  to  the  plains,  grow  in 
large  globular  clusters  and  have  the  curious  habit  of  breaking 
loose  from  the  ground  in  the  winter  and  are  then  rolled  about  over 
the  country  by  the  wind,  scattering  their  seeds  throughout  their 
course.  We  have  here  the  tumble-weed  (Amaranthus  albus),  the 
tumbling  mustard  (Sisymbrium  altissimum)  and  the  Russian 
thistle  (Salsola  Kali  Tragus),  while  the  tumble-grass  (Panicum 
capillare)  is  found  to  some  extent  eastward. 

Another  large  class  depends  more  particularly  upon  the  water 
for  seed  transportation  and  such  seeds  have  light,  water -proof 
envelopes,  which  enable  them  to  float  for  considerable  distances 
before  saturation.  Indeed,  the  seeds  of  nearly  all  weeds  are  thus 
distributed  to  a  greater  or  less  extent,  but  the  sunflower,  the 
horse- weed  (Iva),  wild  mustard,  pigweeds  and  the  sweet  clover 
seem  to  depend  mainly  upon  irrigation  for  their  spread,  and  the 
docks  come  largely  under  the  same  class. 
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A  third  class  requires  the  agency  of  animals  to  assist  their 
migration.  Some  of  these  have  hooked,  barbed  or  awned  fruit 
which  cling  to  the  fur  and  wool  of  stock  and  hence  are  particularly 
injurious  to  the  wool  industry  of  the  state.  Among  them  may  be 
mentioned  the  cuckleburs,  beggar-ticks,  wild  liquorice,  buffalo-bur, 
spear-grass  and  foxtail.  The  weeds  so  common  along  streets  and 
highways,  in  yards  and  pastures,  are  distributed  mainly  by  the 
mud  of  passage,  which  adheres  to  the  feet  of  animals  and  the 
wheels  of  vehicles,  while  the  adhesiveness  of  a  considerable  num- 
ber is  further  increased  by  developing  a  gummy  secretion  from 
their  outer  coat  or  envelope  to  assist  in  the  process.  These  seeds 
are  usually  small  and  frequently  depend  in  part  upon  water  for 
their  extension.  Those  with  mucilaginous  envelopes  are  the 
plantains,  shepherd's  purse,  bird-seed  (Lepidium),  Matricaria, 
Monolepis  and  Euphorbia,  while  the  sticky  contents  of  the  berry 
of  the  wild  tomato  serve  a  similar  purpose.  Many  of  these  weeds 
are  edible  and  have  small  seeds  with  impervious  coverings,  which 
enable  them  to  withstand  the  various  processes  of  digestion  and 
they  are  thus  scattered  in  the  offal  of  animals.  Hence  barn-yard 
manure  is  a  prolific  source  of  weeds  and  always  tends  to  restock 
our  fields  with  these  pests. 

But  the  agencies  above  enumerated  tend  only  to  scatter  weeds 
already  established  in  a  communitj',  while  foreign  species  come  in 
chiefly  through  the  agency  of  man,  and  it  is  against  these  intro- 
ductions that  we  are  able,  to  guard  most  effectively.  ,A  large 
number  of  these  imported  weeds  first  reach  us  through  the  rail- 
ways traversing  the  state,  being  transported  in  merchandise,  in 
hay  and  in  the  bedding  of  stock  cars  and  these  seeds  are  dropped 
en  route  or  in  the  transfer  of  goods  at  the  several 
stations.  Hence,  it  is  a  matter  of  common  observation  that  new 
weeds  are  frequently  first  observed  along  the  railways  and  in  the 
vicinity  of  such  stations.  The  Russian,  the  Canada  and  the 
Scotch  bull  thistles  seem  to  arise  mainly  from  this  source. 

It  is  probable  that  the  chief  means  of  foreign  infection  is 
through  the  importation  of  impure  seed.  New  weeds  dre  con- 
stantly appearing  in  our  fields  and  gardens  traceable  directly 
to  this  source  and  all  such  weeds  should  be  promptly  exterminated 
before  they  secure  a  foothold. 


WEEDS  OF  MONTANA. 


A  great  part  of  the  weeds  of  the  grain  fields,  besides  providing 
for  independent  distribution,  ripen  their  seeds  at  the  same  time  as 
the  cultivated  grains  and  depend  upon  the  farmer  to  exercise  like 
care  in  planting  them  again.  Hence  it  is  necessary,  if  these  weeds 
be  kept  out  of  our  fields,  that  all  seed  sown  be  first  carefnlly  win- 
nowed, and  thus  the  farmer  may  later  be  saved  much  labor  and 
expense  in  their  extermination,  or  in  the  reduced  yield  from  the 
grain  planted.  The  cockle,  sunflower,  wild  oat,  and  wild  mustard 
are  largely  distributed  in  the  seed  planted  and  these  are  counted 
among  the  worst  weeds  in  the  state.  Garden  and  lawn  seeds  are 
notoriously  contaminated  and  the  most  troublesome  weeds  of  the 
East  are  thus  imported,  particularly  the  dandelion,  plantain, chick- 
weed,  sow-thistle,  ragweed,  Canada  thistle  and  many  others 
equally  troublesome. 

ORIGIN  OF  OUR  WEED  FLORA. 

Some  plants  in  every  country  acquire  the  weed  habit  by 
adaptation  to  meet  certain  conditions,  which  have  resulted  in  the 
destruction  of  the  normal  vegetation  over  areas  more  or  less 
extensive  and  of  fair  permanence.  Under  natural  conditions  such 
denuded  soil  is  found  in  cases  of  forest  fires,  landslides  and  floods. 
The  first  two  are  of  mfrequent  occurrence  and  the  areas  effected  are 
soon  re-covered,  mainly  with  wind-disseminated  species.  The 
floods  resulting  from  melting  snows  and  spring  rains  are  fairly 
regular  in  time  and  permanent  in  place,  so  the  alluvium  deposited 
each  season  affords  a  fertile  and  permanent  ground  for  the  growth 
and  reproduction  of  the  seeds  transported  in  the  water.  It  is 
these  native  alluvial  weeds,  of  which  the  annual  sunflower  and  the 
horseweed  (Iva)  are  examples,  that  spread  so  readily  to  our  fields 
and  gardens  with  the  water  used  in  irrigation  and  there  become 
permanent  pests. 

To  an  appreciable  extent,  too,  weed  conditions  are  afforded  by 
the  soil  excavated  about  ant  hills,  gopher  burrows  and  prairie-dog 
towns,  and  here  flourish  in  abundance  such  species  as  Krinitzkia 
crassisepala,  Echinospermum  Redowskii,  Plantago  Patagonica, 
Malvastrum  coccineum  and  Cleome  integrifolia,  which  now  find 
themselves  equally  well  adapted  for  growth  in  yards,  streets  and 
waste  places.    But  man  m  his  various  pastoral,  agricultural  and 
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commercial  operations,  is  the  chief  agent  in  providing  conditions 
suitable  for  weed  growth. 

The  occupation  of  a  country  by  nomadic  tribes  or  a  pastoral 
population  essentially  disturbs  thef  previously  existing  balance  of 
native  vegetation  in  that  region.  The  native  species  are  killed 
about  the  temporary  camps  and  habitations  and  the  pasturage  ot 
flocks  and  herds  tends  to  reduce  or  even  exterminate  many  of  the 
more  nutritious  forage  plants  and  to  introduce  others,  which  take 
the  place  of  those  destroyed.  A  large  proportion  of  the  weeds  of 
the  Plains  probably  owe  their  wide  distribution  to  the  Indian  and 
the  buffalo,  and  the  stockgrowing  industry  has  merely  continued 
and  extended  the  conditions  previously  prevailing. 

The  change  in  the  flora  following  the  settlement  of  a  country- 
by  an  agricultural  population  is  relatively  much  greater,  owing  to 
the  increase  of  population  and  the  extent  of  the  changes  produced 
by  cultivation,  travel  and  commerce  which  facilitate  the  intro- 
duction of  many  foreign  species. 

Thus  the  weeds  of  any  particular  region  are  of  two  kinds 
native  (or  indigenous)  and  introduced,  the  latter  coming  in  from 
other  regions  adjacent  or  remote.  It  is  often  desirable  to  separate 
these  two  groups,  as  it  is  manifestly  impossible  to  prevent  the 
introduction  of  species  already  a  component  part  of  our  flora, 
while  the  foreign  species  may  be  prevented  from  securing  a  foot- 
hold, exterminated,  or  confined  to  certain  limited  sections  already 
invaded. 

In  the  older  and  more  densely  populated  states  it  is  often  diflicult 
to  distinguish  the  introduced  plants  from  the  native  species  without 
long  study  and  careful  comparison  over  an  extended  area,  and  53-8- 
tematic  botanists  are  often  lax  in  this  discrimination.  In  anew  state 
like  Montana,  the  problem  is  greatly  simplified  because  of  the 
sparsit}'  of  settlement  and  because  the  sources  of  weed  infection 
are  relatively  few  and  easily  traced.  Even  here  many  introduc- 
tions pass  as  native  species  by  reason  of  their  abundance  in 
certain  sections  and  our  uncertainty  as  to  their  natural  distribu- 
tion,  yet  there  are  certain  rules  by  which  we  may  form  a  fairly 
correct  judgment  as  to  whether  a  given  species  is  native  or  intro- 
duced. In  general,  other  conditions  being  the  same,  we  may  infer 
that  a  sjiecies  is  introduced  if— 
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1 .  It  is  most  abundant  at  the  supposed  point  of  introduction, 
decreases  in  numbers  departing  therefrom  and  is  wholly  absent  in 
distant  or  isolated  localities. 

2.  It  does  not  occur  in  isolated  localities  growing  wild  under 
natural  conditions  and  forming  an  integral  part  of  the  indigenous 
flora,  or  is  known  to  be  a  recent  introduction  into  such  localities. 

3.  It  is  sporadic  in  localities  widely  separated  and  is  much  more 
abundant  or  occurs  in  greater  perfection  in  another  region  from 
which  its  introduction  may  be  inferred  through  known  agencies. 

4.  It  is  normally  found  occupying  localities  in  which  thfe 
native  vegetation  has  been  weakened  or  destroj-ed  by  the  presence 
of  man  and  his  domestic  animals  and  is  rare  or  lacking  in  the 
countrj'  adjacent. 

The  source  of  its  introduction  is  (1)  from  a  region  of  its  known 
occurrence  adjacent  or  remote,  or  (2)  from  the  direction  of  its 
greatest  abundance  in  the  state,  or  (3)  from  the  usual  source  of 
seed  importation  into  the  state,  or  of  travel  through  it. 

Judged  by  these  criteria,  the  following  species  may  be  con- 
sidered indigenous,  although  a  number  (here  starred  *)  by  their 
present  restricted  distribution  in  the  state  and  the  fact  that  their 
bounds  are  being  still  extended,  indicate  that  they  are  of  compara- 
tively recent  introduction  and  may  best  be  termed  *'subindigenes,*' 
while  a  few  (t)  ^re  doubtful. 


I.    ANNUALS. 


•Amaranthus  albus,  L. 
•A.  blitoides,  Wats. 
*Chenopodiuni  glaucum,  L. 
•Cleome  integrifolia,  T.  &  G. 
Draba  nemososa,  L. 
♦Dracocephalum  parviflorum,  Nutt. 
•Echinospermuin  Redowskii,  Lehm. 
•Euphorbia  glyptosperma,  Eng  »l.n. 
•Franseria  Hookeriana,  Nutt. 
^Ellisia  Nyctelea,  L. 


♦Helianthus  annuus,  L. 
tH.  petiolaris,  Nutt. 
tlva  xanthiifolia,  Nutt. 
•Krinitzkia  crassisepala,  Gray. 
•Lepidium  apetalum,  Wild. 
tMonolepis  chenopodioides,  Moq. 
•Plantago  Patagonica,  J  acq. 
t Sisymbrium  incisum,  Engelm. 
•Solanum  triflorum,  Nutt. 


II.    BIENNIALS. 


Cnicus  eriocephalus,  Gray. 
•Gaura  parviflora,  Dougl. 
•Grindelia  squarrosa,  Dunal. 


•Hordeum  jubatum,  L. 
tOenothera  biennis,  L. 
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III. 

tAchillea  Millefolium,  L. 
Artemisia  Ludoviciana,  Nutt, 
♦Cnicus  undulatus,  Gray. 
Epilobium  angustifolium,  L. 
Gaura  coccinea,  Nutt, 
Glvcj-rrhiza  lepidota,  Pursh. 
Helianthus  Nuttallii,  f.  &  G. 
Iva  axillaris,  Pursh. 


PERENNIALS. 


•Lepachys  columnaris,  T.  &  G. 
Lupinus  pusillus,  Pursh. 
Lupinus  sericeuSy  Pursh. 
Lygodesmia  juncea,  Don. 
♦Malvastrum  coccineum,  Gray. 
Platago  Asiatica,  L. 
♦Rumex  salicifolius,  Weinm. 
♦Verbena  bracteosa,  Michx. 


♦Lactuca  pulchella,  DC. 

This  would  give  the  composition  of  our  weed  flora  as 


Native. 

Introduced. 

Total 

Annuals 

19 

5 

17 

66 

9 

16 

85 

'BlPTltllJftl&.. „. .,,  T.,.r,.,.,..-T..,r,..r,.,...,..,.... 

14 

Perennials 

35 

41 

93 

134 

It  thus  appears  that  more  that  two-thirds  of  the  weeds 
already  noted  in  the  state  are  of  foreign  origin  and  may  be  kept 
out  of  districts  in  which  they  are  not  already  established,  while, 
unless  preventive  measures  are  taken,  the  number  of  such  intro- 
ductions  will  be  greatly  increased. 

The  species  enumerated  below  appear  to  be  extending  gradu- 
allv  westward  from  the  Plains. 


AUionia  nyctaginea,  Michx. 
Amaranthus  albus,  L. 
A.  blitoides,  Wats. 
Cerastium  nutans,  Raf. 
Cleome  integrifolia,  T.  &  G. 
Cnicus  undulatus.  Gray. 
Echinospermum  Redowskii,  Lehm. 
Euphorbia  marginata,  Pursh. 
Franseria  Hookeriana,  Nutt. 
Gaura  parviflora,  Dougl. 


Grindelia  squarrosa,  Dunal. 
Helianthus  annuus,  L. 
Iva  xanthiifolia,  Nutt. 
Hordeum  jubatum,  L. 
Krinitzkia  crassisepala,  Gray. 
Lepachys  columnaris,  T.  &  G. 
Lepidium  apetalum,  Willd. 
Monolepis  chenopodioides,  Moq. 
Panicum  capillare,  L. 
Plantago  Patagonica,  Jacq. 


Solanum  triflorum,  Nutt. 

A  few  species  are  coming  into  the  state  from  the  Pacific  coast: 

Artemisia  biennis,  Willd.  Madia  filipes,  Gray. 

Chenopodium  capitatum,  Wats.  Matricaria  discoidea,  DC. 

Echinospermum  deflexum,  Lehm.  Rumex  salicifolius,  Weinm. 

Epilobium  paniculatum,  Nutt.  Sisymbrium  incisum,  Engelm 

Madia  glomerata,  Hook.  Xanthium  spinosum,  L. 
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The  following,  supposed  to  be  natives  of  tropical  America, 
are  now  common  over  much  of  the  Eastern  United  States,  and, 
with  many  of  the  weeds  of  the  plains,  are  probably  our  inheri- 
tance from  the  prehistoric  American  civilizations. 

Amaranthus  chlorostachys,  Willd.  Erigeron  Canadensis,  L. 

A.  retroflexus,  L.  Solanum  rostra  turn,  Dunal. 

Ambrosia  artemisisefolia,  L.  Xanthium  Canadense,  Mill. 
A.  trifida.  L. 

All  the  other  species  enumerated  in  this  paper,  with  two  or 
three  doubtful  exceptions,  are  from  the  Old  World  and  have 
reached  us  mainly  from  the  Eastern  States. 

THE  ROOT  SYSTEH. 

The  root  system  is  of  great  importance  as  indicative  of  the 
life  duration  of  a  species  and  hence  must  be  taken  into  account  in 
fixing  upon  methods  for  weed  extermination. 

An  annual  plant  germinates,  bears  fruit  and  perishes  in  a 
single  season,  while  a  biennial  hears  only  a  tuft  of  leaves  the  first 
year  and  fruits  and  dies  the  second.  A  perennial  species  lives  and 
bears  fruit  for  many  years  in  succession.  The  roots  of  annuals  are 
tender  and  of  about  the  same  size  as  the  stem;  biennials  are 
usually  tender  and  often  thickened  and  fleshy,  but  are  sometimes 
difficult  to  distinguish  fi-om  annuals,  otherwise  than  by  observa- 
tion, while  a  number  of  weeds  appear  to  be  either,  as  emergency 
requires.  Perennials  usually  have  thick,  woody,  deeply  penetrat- 
ing roots,  or  long  underground  stems,  or  tubers,  which  enable 
them  to  endure  indefinitely.  'The  weeds  in  cultivated  ground  are 
mostly  rapid-growing  annuals,  or  perennials  with  fleshy  or  tuber- 
ous roots  or  rootstocks;  those  of  pastures  and  meadows  are 
perennials  almost  exclusively  and  cannot  withstand  cultivation- 

CLASSIFICATION   BY  SITUATION. 

Weeds  may  be  grouped  roughly  by  means  of  the  localities  they 
affect  and  the  causes  that  make  them  objectionable. 

I.  Weeds  of  Yards,  Waysides,  and  Waste  Places. — These 
are  often  tall  and  unsightly  or  tend  to  spread  to  adjacent  fields 
and  gardens.  They  replace  the  native  plants  exterminated  by  the 
feet  of  man  and  the  domestic  animals  and  the  wheels  of  vehicles. 
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Their  seeds  usualh'  are  spread  by  the  mud  of  passage  or  by  the 
wind.  The  following  species  may  be  enumerated  as  more  or  less 
common  in  these  situations: 

Amaranthus  albus,  L "Tumble-Weed." 

A.  blitoides,  Wats "Pigweed-Purseley." 

Ambrosia  trifida,  L "Horseweed"  (Eastern.) 

A.  artemisiaefolia,  L "Ragweed." 

Anthemis  Cotula,   DC "Dogfeiinel." 

Arctium  Lappa,  L "Burdock"  (true),  ra^e. 

Artemisia  biennis,  Willd "Wormwood." 

Atriplex  patula  hastata,  Gray 

Arenaria  serpyllifolia,  L "Sandwort,"  rare. 

Brassica  campestris,  L "Kale."    "Wild  Mustard." 

Brassica  nigra,  Koch .' "Black  Mustard;"  a  rare  escape. 

Bronius  racemosus,  L 

B.  tectorum,  L 

Capsella  Bursa-pastoris,  Moench "Shepherd's  Purse." 

Chenopodium  album,  L "Pigweed,"  common. 

C.  Botrys,  L "Jerusalem  Oak,  "common  where  introduced 

C.  capitatum,  Wats "Red  Pigweed,"  westward. 

C.  hybridum,  L "Maple-leaved  Goosefoot." 

Cleome  integrifolia,  Torr.  &  Gray "Indian  Pink,"  frequent  in  sandy  soil. 

Cnicus  arvensis,  Hoffm "Canada  Thistle,"  rare. 

C.  lanceolatus,  Willd "Scotch  Bull  Thistle." 

Echinospermum  deflexum  Americanum, 

Gray "Beggar  Ticks." 

E.  Redowskii,  Lehm "Tickseed." 

EUisia  Nyctelea,  h 

Epilobium  paniculatum,  Nutt "Cottonweed." 

Erigeron  Canadensis,  L "Ragweed,"  rather  infrequent. 

Euphorbia  marginata,  Pursh 

Pranscria  Hookerania,  Nutt 

Helianthus  annuus,  L "Sunflower,"  common  east  of  the  Divide. 

Hordeum  jubatum,  L "Foxtail  Grass,"  common. 

Iva  xanthiifolia,  Nutt "Horseweed,"  common. 

Lactuca  Scariola,  L "Prickly  Lettuce." 

Lepidium  apetalum.  Willd "Birdseed,"  common. 

Madia  glomcrata,  Hook ''Tarwecd." 

Marrubium  vulgare,  L "Horehound,"  infrequent. 

Matricaria  discoidca,  DC "Ra3'less  Dogfenncl,"  frequent. 

Monolcpsis  chenopodioidcs,  Moq "Poverty  Weed,"  common. 

Panicum  capillare,  L "Tumble-grass,"  frequent  eastward. 

Plantago  major,  L "Plaintain,"  infrequent. 

Polygonum  aviculare,  L "Knotgrass,"  common. 
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Rumex  crispus,  L '^Curly-leaved  Dock,*'  frequent. 

Rumex  salicifolius,  Weinin '1  Willow-leaved  Dock." 

Salsola  Kali  Tragus,  Moq "Russian  Thistle." 

Sisj'mbrium  incisum,  Engelm "Tansy  Mustard." 

Sisymbrium  officinale,  Scop "Hedge  Mustard,"  infrequent. 

Solanum  rostratnm,  Dunal "Buffalo  Bur,"  infrequent. 

S.  triflorum,   Nirtt "Wild  Potato,"  common. 

Taraxacum  officinale,  Weber "Dandelion,"  common. 

Tragopogon  porrifolius,  L "Salsify,"  infrequent. 

Urtica  gracilis.  Ait "Stinging  Nettle,"  frequent. 

Verbascum  Thapsus,  L "Mullein,"  in  some  localities  common. 

Verbena  bracteosa,  Michx "Vervain." 

Xanthium  Canadense,  Mill "Cuckle-bur,"  infrequent. 

II.  Weeds  of  Lawns,  Meadows  and  Pastures. — These  are 
usually  perennial  and  are  obnoxious  because  they  are  not  only 
unsightly,  but  tend  to  crowd  out  the  more  desirable  grasses. 
The  seeds  of  many  of  these  are  wind  disseminated;  som^  appear 
to  come  in  with  the  seed  sown.  In  hay  fields  they  materially 
injure  the  quality  and  selling  power  of  the  product. 

Achillea  Millefolium,  L "Millfoil,  Yarrow."    Common. 

Cnicus  eriocephalus,  Gray In  mountain  meadows. 

Cnicus  undulatus.  Gray "Thistle."    Common. 

Grindelia  squarrosa,  Dunal "Rosin  Weed."    Common  in  pastures. 

Hordeum  jubatum,  L .'..."Foxtail  Grass."     Common  m  low  ground. 

Lepachys  eolumnaris,  T.  &G "Coneflower,"  pastures. 

Plantago    Patagonica    gnaphalioides, 

Gray "Woolly  Plantain."    Pastures. 

P.  major,  L "Plantain."    Troublesome  in  lawns. 

Rumex  Acetosella,  t "Shesp-sorrel." 

Taraxacum  officinale,  Web>*r "Dandelion."    Frequent  in  all  situations. 

III.  Weeds  of  Gardens  and  Cultivated  Grounds.-— These 
are  the  pests  against  which  the  farmers  wage  incessant  war- 
fare, as  they  tend  to  crowd  out  the  cultivated  plants.  By 
far  the  greater  part  of  these  are  annuals,  probably  importations, 
recent  or  remote.  Seven  are  perennials  with  long  creeping  root- 
stocks,  all  native  species  (the  Canada  thistle  excepted),  while 
two  are  often  biennials. 

A.    ANNUALS. 

Amaranthus  albus,  L "Tumble-weed."    Abundant  in  loose  soil. 

A.  blitoides,  Wats " Pigweed- Pursley."  Common  with  the  last. 
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A.  retroflexus,  L "Careless  Weed."    Common  in  gardens  and 

rich  soil. 

A.  chlorostach3's,   Willd Much  less  frequent;  confused  with  the  last. 

Artemisia  biennis,  Willd "Wormwood."    Frequent  in  many  places. 

Capsella  Bursa-pastoris,  Moench "Shepherd's  Purse."  Common  in  gardens. 

Chenopodium  album,  L "Pigweed."  Common  in  cultivated  ground. 

C.  glaucum,  L A  weed  not  infrequent  in  gardens. 

Cnicus  undulatus,  Gray "Thistle." 

Draba  nemorosa,  L ;... .Common. 

Erigeron  Canadensis,  L "Ragweed."  frequent. 

Helianthus  annuus,  L "Sunflower."  One  of  the  worst  weeds  in  the 

state. 

Iva  xanthiifolia,  Nutt "Horseweed."  Common  east  of  the  Divide. 

Lepidium  apetalum,  Willd "Birdseed." 

Monolepis  chenopodioides,  Moq "Poverty  Weed." 

Polygonum  Convolvulus,  L "Wild  Buckwheat." 

Solanum  rostratum,  Dunal "Buffalo-bur." 

Solanum  triflorum,  Nutt "Wild  Potato." 

Sonchus  asper,  Vill "Sow  Thistle.' 


t» 


B.    PERENNIALS. 


♦» 


Artemisia  Ludoviciana,  Nutt "White  Sage.' 

Cnicus  arvensis,  Hoffm "Canada  Thistle.' 

Epilobium  augustifolium,  L "Iron-weed."    In  mountain  regions. 

Glycyrrhixa  lepidota,  Pursh "Wild  Liquorice."    In  low  ground. 

Lactuca  pulchella,  DC "Milk-weed." 

Lupinus  sericeus,  Pursh "Lupine."    Pei^istent  in  new  ground. 

L.  pusillus,   Pursh..., "Little  Lupine."    Root  tuberous. 

Lygodesmia  juncea,  Don '. "Wild-asparagus."    Plains. 

IV.  Weeds  of  the  Grain-Fields.-— Mostly  annuals  fruiting 
at  the  same  time  as  the  grain;  the  thistle  is  a  biennial  and  sheep- 
sorrel  and  Gaura  are  perennial  with  creeping  root-stocks.  These 
from  their  size,  rapidity  of  growth,  or  undue  multiplication  tend 
to  choke  out  the  grain  in  which  they  grow  and  are  difficult  to 
repress  on  account  of  the  iact  that,  after  seeding,  about  the  only 
way  to  get  at  them  is  by  hand-pulling,  a  slow  und  expensive 
process. 

Avena  fatua,  L "Wild  Oats.''    Common  all  over  the  state. 

Brassica  Sinapistrum,  Boiss "Wild  Mustard.'*  Very  bad  in  many  locali- 
ties-. 

Bromus  secalinus,  L "Cheat."    Troublesome  in  some  places. 

Camelina  sativa,  Crantz "False  Flax." 

Cleome  integrifolia,  Torr.  &  Gray "Indian  Pink.'* 
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Euphorbia  glyptosperma,  Engelm "Spurge." 

Gaura  coccinea,  Nutt 

Helianthus  annuus.  L "Sunflower.  * 

Iva  xanthiifolia,  Nutt "Horseweed. 

Lactuca  pulchella,  DC "Milkweed." 

Rumex  Acetosella,  L "Sheep   Sorrel. 

Polygonum  Convolvulus,  L "Wild  Buckwheat. 

Saponaria  Vaccaria,    L "Cockle. 


tt 


II.     PRACTICAL  CONSIDERATIONS. 


riETHOD  OF  ERADICATION. 

1.  Crop  Rotation — It  will  be  seen  from  the  foregoing  lists 
that  our  weeds,  troublesome  in  cultivation,  fall  naturally  into 
three  groups:  (1)  weeds  of  grain  fields,  (2)  of  meadows  and  (3)  of 
cultivated  ground  and  that  our  yards,  roadsides  and  waste 
places  are  the  chief  gourdes  of  local  infection.  -T-he  natural  method 
for  the  suppression  of  weeds  then  must  be  by  crop  rotation,  as  the 
growth  of  one  kind  of  crops  tends  to  restrain  or  destroy  the  weeds 
peculiar  to  the  other  two  groups.  Therefore,  when  our  grain  fields 
become  foul  with  the  sunflower  or  wild  oats,  they  should  be  put  in 
timothy,  alfalfa  or  clover  till  the  weeds  have  been  crowded  out;  or 
the  land  may  be  cultivated  in  som/e  root  crop  like  potatoes,  ruta- 
bagas, &c.,  and  the  weeds  destroyed  by  frequent  cultivation. 
Unfortunately,  here  in  Montana,  the  climatic  conditions  limit  this 
crop  rotation  almost  to  cereals  and  hay-lands,  as  maize  can  be 
grown  profitably  in  but  few  parts  of  the  state  and  root  crops  and 
garden  truck  can  not  be  planted  over  any  great  area,  on  account 
of  the  expense  and  labor  involved  and  the  certainty  of  swamping 
the  market. 
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2.  Summer  Fallow. — Where  it  is  desired  to  grow  a  grain 
crop  as  continuously  as  possible,  it  is  hardly  profitable  to  seed 
down  in  timothy,  alfalfa  or  clover  for  a  single  year,  and,  as  exten- 
sive cultivated  crops,  such  as  are  grown  in  the  Mississippi  valley, 
are  not  here  feasible  for  the  reasons  stated,  in  many  parts  of  the 
state  a  system  of  summer  fallow  has  been  adopted,  which  consists 
usually  in  plowing  under  the  weeds  late  in  May  or  June  before  they 
have  matured  and  then  going  over  the  soil  once  or  twice 
afterwards  with  a  disk  or  cultivator  to  prevent  the  new  growth 
attaining  any  size.  This  eftectually  reduces  the  growth  of  the 
annual  weeds  so  troublesome  to  grains  and  materially  increases 
the  fertility  of  the  soil,  but  the  loss  of  income  from  the  fallowed 
land  and  the  expense  of  cultivation,  far  offset  any  advantages 
thus  derived,  while,  unless  the  land  is  disked  after  plowing,  it  is 
often  worse  seeded  in  weeds  than  before.  It  is  much  more  profita- 
ble either  to  seed  down  foul  wheat  lands  in  some  hay  crop  or  in 
grain  suitable  for  pasturage  and  thus  secure  some  return  from  the 
land  while  the  weeds  are  being  killed. 

3.  Pasturage.  There  are  some  weeds  like  the  sunflower, 
wild  oats,  and  wild  mustard,  which  are  very  difficult  to  !clear  out 
of  land,  when  once  they  have  a  good  foothold.  For  such  weeds, 
and  other  of  like  nature,  a  very  effective  and  profitable  method  of 
eradication  is  to  sow  the  land  down  in  some  grain  suitable  for 
pasturage,  such  as  rye  or  oats,  or  in  clover  or  mixed  grains,  and 
to  keep  this  closely  cropped  by  sheep,  so  that  no  weeds  that  come 
upwill  have  any  chance  to  mature  seed.  Two  or  three  years  of  suc- 
cessive pasturage  in  this  manner  should  effectually  clean  the  worst 
infested  lands.  Other  kinds  of  stock  will  do,  but  they  arc  more 
prone  to  exercise  selection  and  permit  the  growth  of  the  less 
edible  varieties.    Sheep  clean  off  all  alike. 

4.  Special  Methods. — In  some  cases  special  methods  may  he 
employed  with  advantage.  Hand-pulling  is  frequenth'  possible  in 
small  fields  or  patches  of  grain  infested  with  the  sunflower,  wild 
mustard,  tumbling  mustard,  etc.  This  may  be  done  by  boys 
imder  competent  supervision,  and  is  best  undertaken  when  the 
weeds  first  come  well  into  bloom  and  before  they  have  matured 
any  seed.  The  bright  yellow  flowers  serve  as  guides  to  ^he  loca- 
tion of  each  individual  and  their  absence  clearly  marks  the  strip 
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cleared.  The  work  should  not  be  left  till  the  seeds  begin  to  mature, 
else  it  will  be  necessary  to  remove  the  plants  pulled  to  prevent 
them  from  re-seeding  the  ground  cleared.  This  method  is  slow 
and  expensive,  especially  here  in  Montana  where  labor  is  such  a 
desideratum,  and  it  can  rarely  be  employed  with  economy. 

In  a  few  instances  hand  weeding  is  practically  the  only  method 
available.  This  will  apply  particularly  to  weeds  aflfecting  lawns 
and  meadows.  The  broad-leaf  plaintain  can  only  be  dug  up  one 
plant  at  a  time,  and  this  is  also  true  of  the.  dandelion  and  thistles, 
but  with  the  last  two  a  chisel-like  instrument  (**spud")  with  a  four 
foot  handle  may  be  employed  to  cut  them  oiF  just  below  the  crown 
of  leaves  and  is  usually  found  effective. 

There  are  a  few  species  of  weeds  which  are  particularly  difficult 
of  extermination  on  account  of  the  spread  of  underground  stems. 
A  few  of  our  native  species  exhibit  this  tendency  to  a  greater  or 
less  extent,  such  as  the  Poverty  Weed  (Iva  axillaris),  the  Wild 
Liquorice  (Gh'cyrrhiza  lepidota),  the  Milk-weed  (Lactuca  pul- 
chella).  the  Wild  Asparagus  (Lygodesmia  juncea),  the  Iron-weed 
(Epilobium  angustifolium),  and  the  Lupine  (Lupinus  sericus),  but 
these  usually  disappear  after  a  few  years  cultivation  and  persist 
only  in  specially  favored  localities^  where  they  may  be  treated  like 
the  next.  But  it  is  from  a  few  foreign  introductions  that  the  chief 
trouble  arises  and  these  should  be  exterminated  before  they  have 
becorfie  firmly  established.  The  Canada  Thistle  is  the  worst  and 
a  law  has  been  enacted  to  enforce  its  destruction  in  the  state.  It 
is  established  in  many  places  along  the  railroads  and  is  frequently 
imported  with  garden  seed.  It  is  found  only  in  small  patches  and 
appears  to  show  little  disposition  to  spread  by  seed  in  this  state. 
The  most  effective  method  to  get  rid  of  it  is  probably  to  dig  it  up, 
removing  every  particle  of  the  root-stocks  and  then  await  growth 
to  indicate  the  location  of  any  root  remnants  in  the  soil.  Its 
growth  can  be  restricted  by  keeping  it  cut  down,  but  this  will 
scarcely  exterminate  it.  It  can  be  smothered  out  by  building 
straw  or  haystacks  over  the  spots  affected,  or  by  covering  with 
manure  dumps,  and  it  may  often  be  killed  by  plentifully  sprinkling 
salt  or  kerosene  over  the  freshly  cut  stumps.  Sodium  arsenite 
is  more  effective,  but  also  more  expensive. 

The  wild  Morning-glory  (Convolvulus  arvensis)  and  the  Sheep- 
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sorrel  (Rumex  Acetosella)  are  nearly  as  difficult  to  eradicate  and 
much  worse  to  spread  than  the  Canada  thistle,  but  fortunately 
they  have  as  yet  appeared  in  but  few  localities  in  the  state.  They 
should  be  treated  in  much  the  same  way  as  the  Canada  thistle 
above.  For  lawn  weeds  which  tend  to  spread  and  crowd  out  the 
grasses,  such  as  dandelion,  plantain,  chickweed  (Cerastium  vul- 
gare),  rosin-weed  (Grindelia  squarrosa)  and  others  of  like  nature 
there  is  nothing  we  can  do  more  than  to  dig  them  up  by  hand,  or 
treat  them  with  chemicals,  which  also  will  kill  the  grass  around. 
The  process  is  slow  but  the  areas  affected  are  usually  not  large. 
Walks  and  driveways  can  be  kept  clear  by  the  aid  of  salt,  kerosene, 
arsenite  of  soda,  or  some  of  the  various  chemicals  sold  by  seedsmen. 
Much  time  and  labor  can  be  saved,  if  it  be  remembered  that  the 
streets,  roadsides  and  waste  places  are  the  natural  storehouses  for 
the  growth  and  propagation  of  w^eeds  and  that  these  places  must 
be  kept  clear,  or  at  least  the  weeds  must  be  kept  from  seeding  in 
them,  if  the  yards,  gardens  and  fields  adjacent  are  to  be  free  from 
these  pests. 

The  Russian  thistle,  of  which  so  much  has  been  said  and  written, 
does  not  appear  to  exhibit  such  dangerous  characteristics  in 
this  state.  I  have  found  it  nowhere  in  any  abundance  except  in 
the  Milk  River  and  Yellowstone  valleys,  and  there  as  well  as  in  all 
other  places  observed  it  is  confined  to  the  railway  grades  and 
waste  places  about  the  towns.  It  makes  no  headway  against  the 
native  vegetation  and  has  not  yet,  in  any  case  noted,  invaded 
cultivated  land.  Nevertheless,  its  wide  advertisement  as  a  most 
dangerous  pest  must  be  based  upon  its  tendency  to  invade  grain- 
fields  and  cultivated  ground  and  it  is  comparatively  little  trouble 
to  prevent  it  from  securing  a  footing  in  any  locality',  if  taken 
when  it  first  appears  and  every  plant  be  uprooted,  piled  and 
burned.  It  is  possible  that  it  may  yet  prove  a  valuable  forage 
plant  for  the  arid  regions,  and  instead  of  a  most  dan'gerous,  immi- 
grant, it  may  prove  a  valuable  addition  to  our  native  vegetation. 

The  Scotch  bull  thistle  is  not  nearly  as  dangerous  as  the  dan- 
delion and  sheep-sorrel,  the  wild  oats,  the  wild  mustard,  tumbling 
mustard  and  the  sunflower.  It  is  very  rare  in  the  state,  occurring 
mostly  about  railway  stations  and  towns,  in  no  considerable 
quantity  except  in  the  Flathead  valle\'  in  the  vicinity  of  Demers- 
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ville,  where  it  has  proven  a  dangerous  pest.  It  should  be  dug  up 
or  cut  off  below  the  crown  of  the  root  before  it  blooms.  It  is  not 
a  perennial  like  the  Canada  thistle  and  only  needs  to  be  kept 
down  for  a  year  or  two  and  prevented  from  seeding.  It  should  not 
be  allowed  to  become  established  in  any  locality  and  any  person 
permitting  it  to  grow  on  his  land  should  be  prosecuted  under  the 
law  now  in  force. 

A  great  difficulty  in  the  extermination  of  weeds  is  the  fact  that 
the  seeds  of  many  species  will  lie  in  the  soil  for  several  years  with- 
out losing  their  vitality  and  when  turned  up  to  the  surface  will 
germinate  and  produce  a  new  crop  of  weeds  in  ground  which  is 
considered  cleared.  It  is  for  this  reason  that  several  years  of  dili- 
gent culture  is  necessary  before  a  field  can  be  cleared  of  such  weeds 
as  the  supflower,  wild  oats  and  wild  mustard  and  it  is  for  this  rea- 
son that  summer.fallow,  unless  followed  by  cultivation,  will  result 
in  seeding  the  field  with  weeds  more  than  before.  A  field  can  not 
be  cleared  of  noxious  weeds  until  all  the  seeds  can  be  caused  to 
germinate  and  then  killed. 

There  is  no  question  but  that  the  injury  done  the  growing 
crops  in  this  state  by  the  growth  of  weeds  amounts  to  many  hun- 
dred-thousand dollars  every  year  and  yet  there  is  no  systematic 
method  devised  for  their  eradication.  Each  man  tills  his  own  fields 
with  little  regard  to  the  growth  and  distribution  of  weeds  from 
infected  localities;  and  no  combined  attempt  is  made  to  stamp  out 
the  pests  in  such  affected  areas.  If  we  treated  contagious  diseases 
it  this  way,  it  would  be  utterly  impossible  to  stay  the  deadly  epi- 
demics. Isolation  and  united  effort  is  made  against  such  diseases 
in  every  community',  and  a  similar  effort  against  weeds  would  cer- 
tainly be  successful  in  this  state,  where  the  agricultural  communi- 
ties are  naturallv  more  or  less  isolated  from  each  other. 

The  only  feasible  method  then  for  combatting  weeds  in  Mon- 
tana where  few  of  the  more  dangerous  and  troublesome  species 
have  yet  more  than  secured  a  foothold,  is  by  the  organization  of 
the  farmers  into  districts  designated  by  the  valley  or  irrigation 
system  and  the  appointment  or  election  of  a  competent  weed  in- 
spector for  each  district,  whose  duty  it  shall  be  to  keep  a  lookout 
for  the  appearance  of  any  new  or  dangerous  weeds  in  his  district 
and  to  cause  the  eradication  of  such  pests  as  may  already  be  es- 
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tablished,  and  this  inspector  shall  have  similar  powers  to  road 
supervisors  to  call  for  a  certaim  amount  of  aid  from  each  farmer 
to  be  used  in  the  common  interest  of  stamping  out  these  pests  from 
infected  localities,  or  to  compel  individuals  to  clear  their  lands  of 
such  pests. 

It  would  thus  be  possible  to  hold  one  man  responsible  for  keep- 
ing down  these  noxious  weeds,  while  now  the  responsibility  is 
fixed  upon  no  one  and  the  interests  involved  are  certainly  as  great, 
if  not  greater,  than  in  the  maintenance  of  a  good  road  system.  It 
should  also  be  made  the  duty  of  the  road  supervisors  to  keep  the 
weeds  cut  or  plowed  under  along  the  different  public  highwa\-s 
w^ithin  their  jurisdiction.  Unless  some  effort  of  this  kind  is  soon 
made,  the  labor  of  the  farmer  will  be  greatlj'  increased. 


THE  WEED  LAW  NOW  IN  FORCE  IN  MONTANA. 

[Penal  Code,  Approved  March  18,  1895.] 

**§1197.  Be  it  enacted  that  the  weeds  known  as  the  Canada 
thistle,  the  Scotch  bull  thistle  and  the  Russian  thistle  aie  hereby 
declared  to  be  a  common  nuisance  for  all  the  purposes  of  this  Act. 

§1198.  Any  person  or  persons  owning  any  lands  within  this 
State,  or  occupying  or  having  control  of  any  lands,  whether  with- 
in the  plat  of  towns,  villages  or  cities,  or  otherwise,  within  this 
State,  knowingly  permitting  or  suffering  any  Canada,  Scotch  bull 
or  Russian  thistle  or  thistles  to  go  to  seed  upon  any  land  or  lands 
thus  owned,  occupied  or  under  control  of  such  person  or  persons 
shall  be  deemed  guilty  of  supporting  and  maintaining  a  common 
nuisance,  and  upon  conviction  thereof  in  any  court  of  competent 
jurisdiction,  of  the  offense,  shall  be  punished  by  a  fine  not  exceed- 
ing fifty  nor  less  than  five  dollars. 

§1199.  In  case  any  person  or  persons,  railroad  or  other  cor- 
poration, owning  or  occupying  any  lands  within  this  State,  under 
his  or  her  or  their  control,  as  the  case  may  be,  shall  refuse  or  neg- 
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lect  to  destroy  any  Canada,  Scotch  bull  or  Russian  thistle  or 
thistles  growing  or  standing  upon  any  land  or  lands  so  owned,  oc- 
cupied or  controlled,  on  or  before  the  fifteenth  day  of  August,  it 
shall  be  the  duty  of  the  county  commissioners,  road  supervisors, 
or  other  person  or  persons  having  control  of  the  public  highways, 
streets  or  alleys  where  any  such  thistle  or  thistles  may  be  found 
growing  or  standing,  to  immediately  destroy  or  cause  the  same  to 
be  destroj'ed,  and  pay  therefor  at  the  same  rate  that  is  paid  for 
road  labor;  and  every  supervisor  or  other  person  hereinbefore' 
authorized  to  destroy  said  thistles  shall  keep  a  correct  account 
of  all  moneys  paid  out  for  that  purpose,  and  charge  the  same  to 
the  person  or  persons  or  corporation  owning,  occupying  or  con- 
trolling the  land  or  lands  upon  which  such  thistle  or  thistles  were 
destro3'ed,  and  the  person  or  persons  or  corporation  owning,  oc- 
cupying or  having  control  of  such  lands  shall  be  liable  in  a  civil 
action  for  the  amount  so  charged  against  them  and  costs  of  suit; 

Provided  that  if  any  supervisor  or  other  person  having,  under 
authority  of  this  Act,  destroyed  any  of  the  said  thistles,  and  is  un- 
able to  find  the  owner  of  the  land,  or  is  unable  to  collect  such 
mone3%  the  same  shall  be  paid  by  the  authorities  of  the  town,  vil- 
lage, city  or  county  where  such  thistles  were  destroyed;  and  pro- 
vided further,  that  in  case  any  railroad  company  becomes  charge- 
able under  the  provisions  of  this  Section,  the  supervisors  of  tne 
township  where  same  has  become  chargeable  may  certify  to  the 
same  to  the  county  attorney  of  their  county,  whose  duty  it  shall 
be  to  bring  and  prosecute  a  civil  action  against  the  railroad  com- 
pany lor  the  amount  so  charged  and  costs  of  suit  aforesaid. 

§1200.  It  is  hereby  made  the  duty  of  every  person  having 
knowledge  of  any  Canada,  Scotch  bull  and  Russian  thistle  or 
thistles  growing  or  standing  upon  the  lands  of  another  to  immedi- 
ately destroy  the  same,  or  give  the  person  owning  or  occupying 
such  lands  immediate  notice  thereof 
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III.     ANNOTATED  LIST   OF    MONTANA    WEEDS. 

In  order  to  note  the  introduction  and  spread  of  weeds  in  this 
state,  and  to  give  the  farmer  some  idea  as  to  the  names  of  the 
weeds  troublesome  in  any  particular  locality  and  facilitate  their 
destruction,  if  dangerous,  the  following  enumeration  of  the  known 
weeds  of  Montana,  with  brief  popular  descriptions  of  the  more 
.troublesome  species  and  notes  of  their  origin,  occurrence  and  dis- 
semination is  appended.  In  case  of  doubt,  specimens  of  any  weed 
with  flower  or  fruit  and  leaves  should  be  sent  this  Station  for 
determination. 

In  a  general  work  of  the  nature  of  this  bulletin,  it  seems  desir- 
able, in  the  main,  to  use  the  older,  more  conservative  nomencla- 
ture and  to  adopt  the  wider  limitation  of  species,  not  necessarily 
because  they  are  better  or  more  accurate,  but  because  the^'  are 
more  easily  understood  by  the  ordinary  reader  and  are  more 
readily  found  in  the  usual  works  of  reference.  For  the  same 
reason  technical  terms  have  been  avoided  as  far  as  possible,  and 
the  popular  names  of  plants  have  been  employed  wherevef  it  could 
be  done  without  ambiguity.  Yet,  as  common  names  are  frequent- 
ly used  here,  for  two  or  more  very  different  species,  or  lor  different 
plants  in  other  sections  of  the  Union,  as  in  the  case  of  the  pursely, 
cucklebur,  horseweed,  ragweed,  milkweed,  ironweed,  poverty- 
weed,  &c.,  it  is  necessary  to  make  the  scientific  name  the  basis  of 
classification  and  description.  Hence  the  plants  hereafter  enumer- 
ated are  arranged  alphabetically  according  to  their  scientific 
names,  but  the  index  of  popular  names  appended  will  enable  these 
to  be  used  with  equal  facility. 

A  few  terms  need  explanation.  Flowers  and  fruit  are  ar- 
ranged in  a  spike  when  they  form  a  close  slender  column  like  those 
of  the  plaintain  and  timothy;  they  form  a  panicle  when  they  are 
scattered  on  slender  stalks,  like  the  oat,  and  they  are  called  a  head 
when  they  are  aggregated  in  a  dense  cluster,  as  in  the  case  of  the 
clover  and  the  sunflower. 

In  the  list  below  the  weeds  most  troublesome  in  the  state  are 
printed  in  black  letter  and  the  rare  introductions  are  starred  (*). 
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I.    ACHILLEA  niLLEFOLIUM  L.    Wild  Tansy;  Milfoil. 

A  perennial  plant  about  two  feet  high  with  finely  divided 
leaves  and  white  flowers  in  a  level-topped  cluster.  Frequent  in 
pastures  and  meadows,  where  its  bitter  herbage  makes  it  dis- 
tasteful  to  stock. 

2.    AGROSTEMMA  GITHAGO,  L.    Corn  Cockle. 

\  purple-flowered  annual  occasional  in  grain  fields,  but  hardly 
troublesome  here,  as  it  is  in  the  East.  Noted  in  bnt  few  localities. 
It  has  narrow  leaves  and  fewer  and  more  scattered  flowers  than  is 
the  case  with  the  ordinary  cockle  (Saponaria  Vaccaria)  and  is 
silky  hairy  throughout. 

3.  ALLIONIANYCTAGINEA.Michx. 

A  tall  (2  to  4  feet  high),  smooth, 
much-branched  perennial  with  heart- 
shaped  opposite  leaves  and  clustered 
purplish  flowers.  Occurs  as  a  weed  in 
gardens  in  the  extreme  eastern  part 
of  the  state  (Calais  and  Wibaux)  and 
promises  to  spread  westward. 

4.    AHARANTHUS  ALBUS.  L. 

Tumble-weed. 

A  widely-spreading  annual  weed, 
common  in  loose  or  cultivated 
ground.  It  begins  blooming  in  early 
spring  and  produces  seed  all  the  seas- 
on. It  is  killed  down  by  the  first 
heavy  frost  and  the  large  globular 
mass  breaks  off"  fi-om  the  root  and  is 
driven  about  by  the  wind,  scattering 
its  seeds  throughoat  its  course.  Ap- 
Fi,r.  1.  Amaratithus  a!bus,  L.  parently  native  east  of  the  Divide. 
Branch  V4  natural  siw.  Hybridizes  with  the  next.     [Fig.  1]. 
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5.    AHARANTHUS  BLITOIDES.  Wats.     Pigw  eed-Pursley. 

A  prostrate-growing,  reddish  annual,  closely  related  to  the 
preceding  and  much  resembling  the  eastern  **purseley*'  (Portulaca 
oleracea,  L.)  Common  in  waste  places  and  roadsides  east  of  the 
Divide  and  not  infrequent  as  a  weed  in  cultivated  ground.  Forms 
mats  sometimes  three  feet  in  diameter;  apparently  native. 

6.    *AMARANTHUS  CHLOROSTACHYS,  Willd.    Pigweed. 

Closely  resembling  the  next  in  habit  and  appearance  and  popu- 
larly confused  with  it,  but  its  fruiting  spikes  are  long  and  slender 
and  it  is  much  more  rare  in  gardens  and  waste  places.  At  Colum- 
bia Falls  and  Troy;  here  apparently  coming  in  from  the  West. 

7.  AflARANTHUS  RETROFLEXUS,  L.    Pigweed;  Careless  Weed. 

A  fleshy  annual  common  in  our  gardens  and  imported  from 
the  East  in  garden  seed;  shows  little  tendency  to  spread  to  fields 
except  in  rich  and  moist  situations.  These  four  species  of  amar- 
anth are  easily  uprooted  and  should  not  be  allowed  to  seed  in  our 
gardens.  They  should  be  piled,  dried  and  burned  to  prevent  the 
seeds  matured  from  re-seeding  the  ground  from  which  the\-  have 
just  been  removed. 

8.  AMBROSIA    ARTEMISI^FOLIA,  L.    Ragweed;  Hog.weed. 

An  annual  weed,  one  or  two  feet  high,  with  opposite  many- 
divided  leaves  and  slender,  green-flowered  terminal  spikelets.  This 
is  now  coming  in  from  the  East  along  the  railways.  Frequent  on 
the  Great  Northern  from  Havre  eastward  and  occasional  as  far 
west  as  Kalispell.  Often  abundant  in  waste  places,  but  with  little 
disposition  to  take  to  flelds  and  gardens. 

9.    AMBROSIA  PSYLOSTACHYA,  DC    Creeping  Ragweed. 

Occurs  occasionally  in  the  eastern  part  of  the  state,  but  has 
not  yet  been  found  very  troublesome.  It  is  verj^  similar  to  the  one 
above,  but  has  long  perennial  rootstocks  which  make  it  difficult  to 
eradicate. 
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10.  AMBROSIA    TRIFIDA,    L.    Horseweed;    Tall   Ragweed. 

-A  large  annual  with  opposite 
three-lobcd  leaves  and  flowers 
very  similar  to  tlie  two  above. 
It  IS  here  rarely  more  than  two 
or  three  feet  high,  and  is  found 
occasionally  with  leaves  entire. 
Like  .A.  artemisi£efolia  it  is  com- 
ing in  fi-om  the  Mississippi  valley 
along  the  railways  and  is  found 
principally  in  waste  land  about 
the  stations,  but  in  low  situa- 
tions is  spreading  to  adjacent 
fields  and  gardens.  Extends  as 
far  west  as  Havre  and  Savoy  on 
the  Great  Northern  and  to  Boze- 
man  on  the  Northern  Pacific.  In- 
frequent except  eastward.  Seeds 
disseminated  by  .water  and  in 
mud.     [Fig.  2.] 

11.  A.NTHEMIS  COTULA.  DC. 
Dog  Fennel;  Mayweed. 

An    annual     ill-scented     weed 
about  a  foot  high,  with  a   level- 
topped      mass      of      white-rayed  pj^  2.     Ambrosia  trifidn,  L. 
flowers;  leaves  alternate  and  fine- 
ly divided.    Not  infrequent  in  waste  places  in  nearly  every  part  of 
the  state  and  shows  some  disposition  to  spread  and  become  troub- 
lesome as  it  does  in  the  more  humid  cHmate  of  the  eastern  states. 

12.    "ARCTIUM  LAPPA,  L.    Burdock. 

A  coarse  biennial  about  three  feet  high,  with  large  leaves  and 
purple  flowered  headsdisposedin  a  many-branched  terminal  panicle 
each  surrounded  with  a  bur-like  involucre.  A  European  introduc- 
tion common  in  the  eastern  states,  but  noted  here  only  at  Libby, 
Thompson   Falls,   Plains  and   Big  Timber,  along  roadsides  and 
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in  waste  places,  where  it  shows  a  strong  disposition  to    spread 
and  become  troublesome  to  the  sheep  industry. 

13.    *ARENARIA  SERPYLLIFOLIA,  L. 

A  small,  inconspicuous  annual  two  or  three  inches  high,  or 
prostrate,  of  European  origin,  well  established  about  the  streets 
and  waste  places  at  Columbia  Falls,  but  not  otherwise  noted  in 
the  state. 

14.    ARTEniSIA  BIENNIS,  Willd.     Wormwood;  Ironweed. 

An  annual  or  biennial  coming  in  from  the  west,  two  or  three 
feet  high,  with  a  slender,  reddish  stem,  finely  divided  leaves  and  a 
narrow  terminal  spike-like  panicle  of  inconspicuous  flowers.  Be- 
coming common  in  streets  and  waste  places  about  the  larger 
towns  and  thence  spreading  to  the  highway^s  and  neighboring 
fields,  where  it  is  beginning  to  be  a  troublesome  pest. 

15.    ARTEMISIA  LUDOVICIANA,  Nutt.    White  Sage. 

A  native  perennial  sage  with  long  creeping  rootstocks  which 
tend  to  persist  in  new  ground  and  meadows  aiyi  is  often  difficult 
to  eradicate. 

16.  *ATRIPLEX  HORTENSIS,  L,    Orache. 

Escaped  from  cultivation,  particularly  the  ornamental  variety 
atrosanguinea,  Hort.  Not  infrequent  in  yards  and  waste  places 
about  Helena  and  Bozeman,but  not  likelv  to  become  troublesome. 
An  annual  much  resembling  its  relative  the  Lamb^s-quarter. 

17.  ATRIPLEX  PATULA  HASTATA,  Gray. 

An  annual  much  resembling  and  often  confused  with  Lamb's 
Quarter;  occurring  along  streets  and  in  waste  places;  apparently 
introduced  from  the  East.  Occurs  occasionally  in  nearly  every 
part  of  the  state  but  is  rareh'  troublesome  in  cultivated  ground. 

18.    AVENA  FATUA,  L.    Wild  Oats. 

This  is  one  of  the  most  common,  if  not  the  worst  weed  in  the 
state.  Introduced  from  the  Old  World,  but  now  common  through- 
out most  parts  of  arid  America  where  oats  have  been  cultivated. 
The  wild  oat  differs  from  the  cultivated  varietv  in  its  usual  ranker 
growth,  deeper  color  of  the  foliage,  more  diffuse  panicle,  earlier 
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ripening  and  prompt  shelling  of  the  fruit,  its  black  hul!  (flowering 
glume),  hairy  at  base  and  with  a  twisted  awn  and  in  its  smaller 
and  lighter  seed.  Its  fecundity,  rapid  growth  and  self-seeding 
qualities  soon  enable  it  to  take  a  field  sown  continuously 
in  any  kind  of  grain  and  the  persistent  vitality  of  its  seed  in  the 
soil  makes  it  difficult  to  eradicate.  It  can  best  be  combatted  by 
sowing  down  infested  fields  in  clover,  timothy  or  alfalfa,  or  by 
close  pasturage  by  sheep  for  several  years  of  such  fields,  planted  in 
some  annual  grain  suitable  for  forage.  There  is  a  general  belief 
among  farmers  that  the  wild  oat  often  originates  as  a  degenerate 
form  of  the  cultivated  variety  with  which  it  seems  to  intergrade, 
and,  while  it  is  propagated  in  general  from  its  own  seed,  its  gen- 
eral occurrence  and  abundance  in  fields  sown  in  oats  throughout 
the  arid  region  seems  to  favor  the  idea  of  such  reversion.  More- 
over, the  cultivated  oat  is  supposed  to  have  been  derived  from  the 
wild  species,  and  several  authenticated  instances  are  known  of  the 
production  of  the  tame  varieties  from  the  wild  form  by  cultivation 
and  reversion  imder  suitable  climatic  conditions  is  much  more 
probable,  as  is  certainly  the  case  with  many  other  cultivated 
plants,  such  as  the  radish,  carrot,  turnip,  mustard  and  parsnip, 
which  in  many  places  readily  revert  to  the  wild  form  and  become 
troublesome  weeds.    [Fig.  3.] 

19.    BRASSICA  CAMPE5TRIS  L.    Kale;  Wild  Turnip. 

An  annual  closely  resembling  and  usually  confused  with  the 
wild  mustard  (Brassica  Sinapistrum,  Boiss.),  but  is  smooth 
throughout  and  is  rarely  so  common  or  troublesome  as  the  latter 
species,  though  occasionally  found  in  grain  fields  and  waste  places. 
Its  smooth,  bluish  stem  and  upper  leaves,  sessile  and  clasping, 
easily  distinguish  it  from  the  two  below. 

20,    *  BRASSICA  NIGRA,  Koch.    Black  Mustard. 

An  occasional  escape  from  gardens,  but  nowhere  troublesome 
or  difficult  to  restrain.    Rarely  persistent. 
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21.  BRASSICA  SINAPISTRUM,  Boiss.  Wild  Mustakd;  Chaklock. 

Resembling  the  B.  Carapestris  above,  but  is  more  or  less  hairy 
throughout.  One  of  the  worst  weeds  of  the  state,  fairly  taking 
many  of  the  grain  fields  in  low  land. 
Should  be  combatted  like  the  wild  oat 
and  the  sunflower.  Hand  pulling 
may  be  employed  when  it  occurs  only 
in  small  patches.  Every  effort  should 
be  made  to  prevent  its  introduction 
into  a  community  and  combined  ac- 
tion should  be  taken  to  clear  infested 
fields,  as  the  seeds  appear  to  be 
spread  largely  by  irrigation.  [Fig.  4.] 

22.    BROMUS  RACEMOSUS,  L. 

An  annual  Brome-grass  not  in- 
frequent as  a  weed  in  fields  and  waste 
places;  commonly  confused  with  the 
next,  which  it  closely  resembles. 

23.    BROMUS  SECALINUS,  L. 
Cheat;  Chess. 

Differs  from  the  last  in  its  more 
diffuse  panicle  and  its  larger  and  flat- 
ter spikelets.  Not  rare  in  agricultural 
districts  of  the  state  and  often  a  very 
bad  weed  in  grain  fields  in  the  Flat- 
head valley. 

24.    *BROMUS  TECTORUM,  L. 

A  small  annual  grass  with  long-awned  pendulous  spikes  well  es- 
tablished at  Columbia  Falls  and  Missoula,  in  streets  and  waste 
places  and  promises  to  spread  into  other  parts  of  the  state.  In- 
troduced from  Europe. 

25.    CAMELINA  SATIVA,  Crantz.    False  Flax. 
An  annual  with  light  yellow  flowers  and  a  pear-shaped  pod  of 
the  Mustard  family  and  resembling  somewhat  the  cultivated  flax. 
A   frequent   and  occasionally   troublesome  weed  in  grain  fields 
throughout  the  state.    Usually  imported  in  the  grain  seed  sown. 


Fig.  4.     Brassica  Sinapistrum, 
Boiss,    M  natural  size. 

Downy  Brome-grass. 
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26.    CAPSELLA  BURSA-PASTORIS.  Moench.  Shepherd's  Purse. 

A  common  annual  of  yards,  gardens  and  waste  places.  Blooms 
throughout  the  season.  A  loot  or  two  high  with  white  flowers 
and  a  triangular  pod.  A  European  introduction.  Seeds  develop 
a  mucilaginous  coat  when  wet  and  thus  facilitate  their  dispersion. 

27.    *CERASTIUM  NUTANS,  Raf. 

m 

A  small  inconspicuous  chickweed  with  sticky  foliage  and 
curved  pods  notched  at  the  orifice.  Occasionally  introduced  from 
the  East.  .  In  waste  places  infrequent. 

28.    *CERASTIUM  VULGATUM,  L,     Mouse-ear  Chickweed. 

Found  very  troublesome  in  lawns  at  Kalispell,  where  it  forms 
patches  and  crowds  out  the  grass  and  its  perennial  habit  makes  it 
difficult  to  exterminate,  except  by  dig-  fl\  ^ 

ging   up    and    removing   every   plant.  ^h  \^ 

Also  in  waste  places  at  Thompson  Falls 
and  Borax;  coming  in  from  the  West. 

29.    CHENOPODIUn  ALBUH,  L. 
Lamb's  Quarter. 

A  common  and  troublesome  annual  in 
waste  places  and  cultivated  ground  in 
nearly  every  part  of  the  state.  It  fairly 
takes  uncultivated  fallow  land  in  many 
localities.  An  Old  World  species.  [Fig.  5] 

30.    *CHENOPODIUM  BOTRYS,  L. 
Jerusalem  Oak. 

A  bitter,  ill-smelling  annual  from  Eu- 
roi>e  locally  established  in  waste 
places  at  various  points  in  the  state, 
and  seeins  well  adapted  to  our  climate. 
Resembling  the  preceding  species  in  size 
and  appearance,btit  the  leaves  are  more  pig.  oThenopodium  Album, 
deeply  lobed.  L.    v^nat.size. 
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31.    CHENOPODIUM    CAPITATUM,    Wats.     Strawberry 

Elite.    Red  Pigweed. 

An  annual  weed  in  yards  and  waste  places  coming  from  the 
west  along  the  railways;  rare  east  of  the  Divide.  Somewhat  like 
the  Lamb's  Quarter,  but  the  fruit  is  in  red  globular  clusters  re- 
sembling the  strawberry. 

32.  CHENOPODIUM  GLAUCUM,  L.    Oak-leayed  Goosefoot. 

A  prostrate  or  spreading  annual  much  resembling  the  Poverty- 
weed  (Monolepis  chenopodioides),  frequent  in  low  grounds  by 
roadsides,  in  alkali  places  and  occasionally  troublesome  in  gardens 
and  cultivated  ground.  Possibly  native  here,  although  it  has 
the  habit  of  a  true  weed. 

33.  CHENOPODIUM   HYBRIDUM^  L.    Maple-leayed  Goose- 

foot. 

Another  of  the  introduced  Pigweeds,  two  or  three  feet  high 
and  with  a  widely'  spreading  panicle  of  fruit,  found  occasionally  in 
waste  places  about  the  towns  along  the  railroads.  Its  leaves  have 
little  resemblance  to  those  of  our  native  maple.  It  is  probably 
truly  indigenous  nowhere  in  America. 

34.    *CHRYSANTHEMUM  LEUCANTHEMUM,  L. 

Ox-eyed    Daisy. 

A  European  perennial  found  troublesome  in  the  Eastern  states. 
Apparently  persistent  in  meadows  here  in  a  few  isolated  localities 
in  small  numbers,  and  showing  no  disposition  to  spread.  Imported 
in  grass  seed  from  the  East. 


THE  MONTANA  EXPERIMENT  STATION. 
35.    •CICHORIUM  INTYBUS.  L.    Chicory. 


Fig.  6.     Cichorium  Intybus,  L.    Flower  natural  si*e. 

A  tall,  widely  branching  European  perennial  with  large  blue 
flowers  which  close  in  the  afternoon,  related  to  and  somewhat  re- 
sembling the  lettuce.  A  few  specimens  seen  near  Holt,  in  the  Flat- 
head region;  but  observed  nowhere  else  in  the  state.  This  weed  is 
adapted  to  growth  in  dry  situations  and  should  not  tie  allowed  to 
become  established  in  the  state,  lest  it  become  a  dangerous  pest. 
[Fig.  6,] 
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36.  CLEOME  INTEORIFOLIA.  Torr  &  Gray. 
Indian  Pink;  Stinkweed. 
A  native  annual  about  two  feet  high  with  3-foliate  leaves  and 
pink  flowers,  often  troublesome  in  sandy  soil.  Frequent  in  grain 
fields  and  waste  places  east  of  the  Divide  and  now  spreading 
westward  along  the  railways,  where  it  threatens  to  become 
a  bad  weed. 

37.  CNICUSARVENSIS.Hoffm 

Canada    1  histle. 

A  perennial  European  spec- 
ies with  long  creeping  root- 
stocks  most  difficult  to  extir- 
pate. Very  similar  to  our  na- 
tive thistles,  but  the  heads  are 
much  smaller  and  the  plants 
tend  to  grow  in  clumps  or 
patches,  never  scattered.  In- 
frequent as  yet  in  the  state 
but  becoming  established 
along  railroads  and  in  waste 
places.  Occurs  at  Helena, 
Bozeman,  Libby,  Craig  and 
Demersville,  Can  be  eradi- 
cated only  by  persistent  dig- 
ging, by  smothering  with 
straw,  manure  heaps,  &c.,  or 
by  choking  out  with  a  rank 
growth  of  clover.  Attack  on 
first  appearance  and  do  not 
permit  it  to  become  establish- 
ed. One  ofthe  threeplantsout- 
lawed  in  this  state.  [Fig.  7.] 

Hoffm.    Plant 
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38.    CNICUS  ERIOCEPHALUS,  Gray.    Mountain  Thistle. 

A  tall  unbranched  thistle  with  a  mass  of  heads  aggregated  at 
the  top  of  a  thick.hollow,  leafy, 
stalk,  frequent  in  mountain 
meadows  and  pastures  above 
5,000  feet  altitude.  Rarely  so 
abundant  as   to   be  trouble- 


39.    CNICUS  LANCEOLATU&, 

Willd.  Scotch  Bull  Thistle. 

The  second  outlawed  weed 
of  the  state.  A  European 
biennial  sparsely  introduced 
along  the  railroads  of  the 
state,  but  nowhere  observed 
to  be  troublesome  except  in 
the  Flathead  valley  about 
Demersville.  It  is  easily  des- 
Fijf.  7.  b.  Ciiicua  arvensiB.  Hoffm.  Leaf  tj-oved  by  digging  up  the 
and  head  about   natural  size;  i       ^     l   j-         .^i.         ui  _i 

plants  before  they  bloom  and 

should  not  lje  allowed  to  secure  a  foothold.  The  plant  is  veri- 
similar to  our  native  thistle  descrilied  below,  but  has  much  less 
of  the  cottony  tomentum  on  the  under  side  of  the  leaves  and  the 
leaves  and  beads  are  exceedingly  prickly  with  long  yellow  spines. 
[Fig.  8.] 

40.    CNlCtS  UNDULATUS,  Gray.     Field  Thistle. 

The  common  thistle  of  the  plains  and  valleys  throughout  the 
state  and  troublesome  in  many  places,  particularly  in  fallow  land, 
old  fields,  pastures  and  meadows,  replacing  C.  eriocephalus  below 
5.000  feet;  biennial,  or  sometimes  apparently  perennial  with 
deeply  jjenetrating  roots.  A  tall,  branched  thistle  with  scat- 
tered heads  and  leaves  covered  with  a  dense  cottony  tomentum. 


WEEDS  OF  MONTANA.  37 

41.    "CONVOLVULUS  ARVENSIS,  L.   Wild  Morning-glory. 

A  European  perennial  vine  similar  to  the  cultivated  morning- 
glory,  but  with  smalt  white  flowers;   occasionally  established  in 


..  Willd.     Leaf  and  head 


gardens  and  waste  places;  quite  as  difficult  to  exterminate  as  the 
Canada  thistle  and  should  be  treated  like  it.  Noted  at  Manhat- 
tan, Helena,  Missoula,  Flathead  Lake,  Kalispell,  Bozeman  and 
Crow  Agency. 
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42.  -CUSCUTA  EPITHYMUM.  Murr.  Alfalfa  Dodder. 
Specimens  of  this  species  have  come  in  from  Livingston  re- 
ported as  troublesome  in  alfaira  fields.  It  is  a  golden  yellow  para- 
sitic  vine  on  alfalfa  and  the  clovers;  imported  from  Europe,  vrhere 
it  is  often  a  most  pernicious  weed. 
The  infested  spots  should  be 
mowed  closely  and  the  plants 
burned  when  dry;  they  should  not 
be  allowed  to  seed  as  it  may  be  dif- 
6cult  to  clear  the  field  of  the  para- 
site. A  native  species  of  dodder 
{Cuscuta  arvensis)  also  occurs 
sparingly  on  the  clovers  and  alfalfa 
in  this  state,  but  is  not  apt  to  take 
the  fields  like  the  European  species. 
[Fig.  9.] 

43.    -CYNOGLOSSUM  OFFICIN- 
ALE, L.    Hound's  Tongue. 
A  European  biennial  established 
in  waste  places  at  Big  Timber. 

44.    DRABA  NEMOROSA,  L. 
Field  draba. 
A  small  annual  of  the  Mustard 
Z  family    with    yellow    flowers    and 

\  spreading  pods,  native  of  this  reg- 

ion but  inclined   to  multiply    and 
grow  rank  in  gardens  and  waste 
,   places. 
>  45.    DRACOCEPHALUM  PARVl- 

FLORUM,  Nutt.     Dragon-head. 
[urr.  An   annual  plant    with    dense 

square  stems,  opposite  leaves  and  a 
terminal  flowering  spike  inclined  to  frequent  streets  and  waste 
places  and  occurs  occasionally  in  cultivated  ground.  Doubtfully 
native  here. 
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46.    ECHINOSPERMUM  DEFLEXUM    AMERICANUM,    Gray. 

Beggar  Tick. 

A  slender  annual  one  or  two  feet  high,  widely  branching  above 
and  with  small  blue  flowers  and  slender  racemes  of  reflexed  burs. 
At  Deer  Lodge  and  Helena  (Rydberg),  Box  Elder  Creek,  on  the  Ft. 
Peck  Reservation,  Arlee,  Plains  and  abundant  and  troublesome 
in  the  streets,  highways  and  waste  places  about  Kalispell, 
where  it  is  rapidly  spreading  into  the  country  adjacent.  It 
threatens  to  become  a  bad  pest  throughout  the  state.  Certainly 
an  introduced  species  in  this  r'^gion  and  doubtfully  native  in 
America. 

47.    ECHNOSPERMUM  REDOWSKII,  Lehm. 
Tickseed:  Beggar  Ticks. 

A  native  annual  resembling  the  preceding,  but  is  smaller  and 
has  fewer  erect  fruit;  common  in  loose  soil  about  gopher  hills,  ant 
hills  and  prairie  dog  towns.  A  common  weed  in  waste  places 
throughout  the  Yellowstone  region  and  in  many  places  east  of  the 
Divide,  but  more  rare  westward.  Occurs  here  as  the  varieties 
occidentalCy  Wats,  and  cupulatutn.  Gray,  the  latter  much  more 
rare. 

48.    ELLISIA  NYCTELEA,  L. 

A  small,  diffusely  branched,  spreading  annual  with  deeply 
lobed  leaves  and  inconspicuous  flowers.  Not  infrequent  in  low 
grain  fields  and  waste  places.  Rarely  abundant  enough  to  be 
troublesome.    Doubtfully  native  here. 

49.    EPILOBIUM  ANGUSTIFOLIUM,  L.  Ironweed;  Fireweed. 

A  tall,  slender  plant,  about  three  feet  high  with  a  terminal 
raceme  of  large  purple  flowers,  blooming  about  the  first  of  August. 
Common  in  the  foothills  and  mountains  and  the  large  perennial 
rootstock  is  often  difficult  to  kill  out  in  new  ground. 

50.    EPILOBIUM  PANICULATUM,  Nutt.     Cotton  Weed. 

A  tall  and  very  slender,  smooth,  wideW  branching  annual  with 
inconspicuous  leaves  and  small  red  flowers,  spreading  eastward 
from  the  Pacific  along  the  railways  and  principal  lines  of  travel. 
Common  along  streets,  highways  and  waste  places  in  the  western 
part  of  the  state;  the  cottony  seeds  are  distributed  b\''  the  winds. 
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51.     ERIQERON   CANADENSIS,  L. 

Ragweed;  Fireweed;  Horseweed. 

A  slender,  hairy  annual  with  narrow  leaves  and  a  large  ter- 
minal  broom  of  greenish  flowers  and  cottony  fruit  imported  from 
the  eastern  United  States.  Becoming  frequent  in  waste  places, 
gardens  and  grain  fields,  and  a  serious  pest  in  the  Flathead  vallei-. 
Size  varies  from  a  few  inches  to  several  feet;  seed  spread  bv' 
the  wind. 

52.  EUPHORBIA  GLYPTOSPERMA.  Engelm.    Carpet  Weed. 

A  small,  much- branching  annual,  lying  flat  on  the  ground  and 
forming  circular  carpets  a  foot  or  more  in  diameter.  Apparenth- 
native  but  frequent  by  roadsides  and  in  grain  fields  and  waste 
places;  rarely  troublesome. 

53.  EUPHORBIA  MARGINATA,  Pursh.  Snow  on  the  Mountain. 

An  annual,  one  to  two  feet  high,  with  milky  juice  and  upper 
leaves  white  margined.  In  waste  places  and  along  railway 
grades  from  Miles  City  to  Glendive.  Coming  in  from  the  east- 
ward.   Reputed  poisonous. 

54.    FRANSERIA  HOOKERIANA,  Nutt. 

An  annual  weed  very  much  like  the  Ragweed  (Ambrosia  arti- 
misiaefolia),  but  with  fruit  of  conspicuous  burs.  Frequent  in  sandj- 
soil  along  highways  and  in  streets  and  waste  places  in  •mam- 
parts  of  the  state  east  of  the  Diyide.  Possibly  native,  although  it 
has  all  the  habits  of  an  introduced  weed, 

55.    GAURA  COCCINEA,  Nutt.    Butterfly  Weed. 

A  native  perennial  with  long,  deeply  penetrating  rootstock, 
frequent  in  new  ground  and  occasionally  found  in  grain  fields  and 
fallow  land,  mainly  as  the  variety  glabra,  T.  &  G.  Leaves  nar- 
row, flowers  white  or  I'ose-colored,  turning  to  scarlet  in  fading. 

56.    GAURA  PARVIFLORA,  Dougl. 

A  tall,  hairy  annual  or  biennial,  two  or  three  feet  high,  with 
small  flowers  and  long,  slender  spikes  of  spindle-shaped  fruit,  oc- 
casionally troublesome  in  grain  fields  and  waste  places  in  the  Mis- 
souri river  region.    Apparentl3'  introduced  from  eastward. 
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57.    GERANIUM  CAROLINIANUM,  L.    Crane's-bill. 

The  typical  form  occasional  in  waste  places;  the  form  G,  Bick- 
nellii,  Britt.  not  infrequent  in  waste  places  in  many  parts  of  the 
state. 

58.    *GERANIUM  PUSILLUM,  L. 

Well  established  as  a  weed  in  fields  and  waste  places  about 
St.  Ignatius,  Flathead  Reservation,  and  at  Plains. 

59.  GLYCYRRHIZA    LEPIDOTA,    Pursh.      Wild    Liquorice; 

CUCKLEBUR. 

A  native  perennial  in  low  ground  with  pea-like  leaves  and 
bearing  clusters  of  burs  very  like  those  of  the  true  cucklebur 
(Xanthium).  Its  long,  creeping,  underground  stem  makes  it 
difficult  to  eradicate  from  new  land,  and  it  is  frequently  abundant 
and  troublesome  in  meadows  and  pastures.  Persistent  cultiva- 
tion or  digging  seems  to  be  the  only  remedy  other  than  close 
pasturage. 

60.  QRINDELIA  SQUARROSA,  Dunal.  Rosin-weed;  Wild  Arnica. 

A  bientual  d.oubtfuUy  native  in  this  region.  About  18  inches 
high  with  a  stiff  stem  and  many  heads  of  yellow-rayed  flowers 
covered  with  a  gummy  secretion.  Common  in  the  plains  and  val- 
leys east  of  the  mountains  and  spreading  westward.  More  fre- 
quent along  roadsides  and  waste  places  and  troublesome  in  mead- 
ows and  pastures,  where  it  is  difficult  to  eradicate  after  having 
once  obtained  a  foothold.  Stock  rarely  will  eat  it  in  any  situation. 
Just  being  introduced  in  the  Flathead  and  Bitter  Root  valleys 
by  roadsides  and  should  be  exterminated  before  it  becomes 
established.  Old  settlers  say  the  plant  has  come  into  much  of 
this  region  since  the  advent  of  civilization  and  there  seems  now 
to  be  a  steady  advance  westward,  although  its  distribution  is 
effected  mainly  by  the  conveyance  of  its  seeds  in  the  mud  on  the 
feet  of  animals  and  the  wheels  of  vehicles  and  in  hay. 

6i.    HELIANTHUS  ANNUUS.  L.    Sunflower. 

An  annual  weed,  three  or  four  feet  high,  with  large  notched 
leaves  and  large  yellow-rayed  heads  three  inches  in  diameter,  com- 
mon evervwhere  east  of  the  Divide  and  one  of  the  worst  weeds  in 
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grain  fields  and  cultivated  ground.  Occasional  along  the  rail- 
ways in  the  western  part  of  the  state,  but  not  troublesome  there 
except  in  the  Bitter  Root  valley.  It  is  confined  to  one  or  two 
small  areas  in  the  Flathead  valley  and  shows  small  disposition 
to  spread  in  the  absence  of  irrigation,  but  if  the  farmers  are  wise 
they  will  stamp  out  this  pest  at  once,  lest  it  become  as  trouble- 
some there  as  it  has  in  other  parts  of  the  state.  Seeds  seem  to 
be  distributed  largely  by  irrigation  and  in  the  mud  adhering  to 
to  feet  and  to  the  wheels  of  vehicles.  Its  seeds  seem  to  lie  in  the 
ground  many  years  before  losing  their  vitality  and  it  can  best  be 
combatted  by  sowing  the  infected  fields  in  some  annual  grain 
suitable  for  forage  and  pasturing  with  sheep  for  several    years. 

62.    HELIANTHUS  NUTTALLII,  T.  &.  G. 


A  native  perennial  sunflower,  more 
slender  and  with  narrower  leaves  than 
the  last;  roots  tuberous  and  wth 
frequent  underground  stems.  Usually  in 
small  patches,  and  can  best  bedestroj-ed 
by  pulling  or  digging  after  irrigation. 
Often  troublesome  in  grain  fields  and 
low  ground  in  the  western  part  of  the 
state. 

63.     HELIANTHUS  PETIOLARIS, 
Nutt. 

An  annual  very  like  and  commonly 
confused  with  H.  anauus  above  and  fre- 
quent in  dry,  sandy  situations  in  the 
Milk  River  and  Yellowstone  valleys.  It 
has  smaller  heads  than  the  common  sun- 
flower (H.  annuus)  and  narrower,  en- 
tire leaves. 
64.    HORDEUM  JUBATUM,  L.    Foxt41l; 

Squirrel-taii,  Grass;  Sloigh-graSs. 

An  annual  or  biennial  grass  with  a 
large,  bushy  spike  of  fruit,   whose  long 
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awns  when  ripe  pierce  the  lips  and  tongue  of  stock  and  cause  ex- 
tensive ulceration.  A  common  weed  in  pastures  and  waste  places 
seemingly  introduced  from  the  east;  doubtfully  native.  It  makes 
little  headway  against  the  native  vegetation,  but  tends  to  become 
established  in  low  ground  wherever  that  vegetation  has  been  dis- 
turbed or  kept  down  by  close  pasturage.  Said  to  make  fair  hay, 
if  cut  before  heading  out  or  after  the  head  breaks  away  in  August, 
It  may  be  killed  out  in  most  situations  by  plowing  it  under  in 
June  or  by  seeding  the  fields  in  giain  for  a  few  seasons.  It  is  also 
doubtful  if  it  can  make  much  headway  against  a  good  stand  of 
clover,  timothy  or  alfalfa.     [Fig.  10.) 

65.  'HYOSCYAMUS  NIGER,  L. 

Black  Henbane. 
A  coarse  European  annual  or 
biennial  established  in  waste 
places  at  Billings  (E.  V.  Wilcox), 
Big  Timber,  and  rarely  about 
Bozeman.     Poisonous. 

66.  'HYSSOPUS     OFFICINA- 

LIS,  L.  Hyssop. 
A  sage-like  perennial  with  nar- 
row leaves  and  clustered  blue 
flowers,  occasionally  escaped 
from  gardens.  Roadsides  in  Flat- 
head valley,  rare. 

67.  IVA    AXILLARIS,   Pursh. 
Bazzle-weed:  Poverty-weed. 

A  native  perennial  a  foot  or 
two  high  growing  in  clumps  or 
forming  extensive  patches  in  low 
ground,  particularly  in  alkaline 
soil.  Its  long  creeping  under- 
ground stems  make  it  most  dif- 
!  ficult  toeradicate.  Probably  best 

FiR.  11.    Iva  xanthiifolia,  Kutt.    Plant  combatted  by  seeding  down  in 
1-12  natural  size;  leaf  and  fruit  V,.        meadow. 
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68.    IVA  XANTHUFOLIA,  Nutt.    Careless-weed;    Horse-weed; 

Giant  Rag-weed. 

A  tall,  coarse  native  annual,  three  to  six  feet  high,  with  lar^, 
heart-shaped    toothed    leaves    opposite    on    the    smooth  stem. 
This  is  one  of  the  worst  weeds  in  the  Gallatin  valley,  by  roadsides, 
in  waste  places  and  cultivated  ground,  and  is  not  infrequent  in 
low  ground   east  of  the  Divide,   but   apparently  rare  west  of  it. 
Its  small,  black  seeds  seem 
to  be  distributed  wholly  by 
water  and  the  mud  of  pas- 
sage and  so  it  is  not  apt  to  be 
very  troublesome  except  in 
irrigated  districts.  [Fig.  11.] 

69.  KRINITZKIA   CRAS- 
SISEPALA.  Gray. 

Frequent  in  loose  soil  with 
Echinospermum  Redowskii 
in  the  Yellowstone  region; 
apparently  not  west  of  the 
Divide. 

70.  LACTUCA  PULCH  EL- 
LA, DC.  Milkweed; 

Wild  Lettuce. 
A  native  perennial  of  the 
lettuce  family   common    in 
all   situations    throughout 
the    eastern    part     of    the 
the  state;    leaves    smooth, 
often    with     long,     slender 
teeth;  flowers   blue,  closing 
Fig.  12.     Lactuca  SearioEn,  L.    a.  1-9;   b,   nat.    in    the    afternoon.       In    low 
ural  size;  c,  cnlargtd.  ground     the     loug     Under- 

ground rootstocks  makes  its  extirpation  difficult.    The  black  seeds 
with  a  tuft  of  hairs   at  apex  are  distributed  by  the  wind. 
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71.    LACTUCA  5CAR10LA,  L.    Prickly  Lettuce;  Chinese 

Lettuce. 

A  European  biennial  resembling  the  preceding  species,  but 
the  flowers  are  light  yellow  and  the  leaves  are  prickly-fringed 
and  not  lobed,  and  have  a  curious  habit  of  twisting  to  the  vertical 
with  a  tendency  toward  a  north  and  south  direction,  like  a  **coni- 
pass  plant/*  A  most  x>emicious  weed  introduced  along  the  rail- 
roads in  nearly  every  part  of  the  state  but  most  frequent  from 
Missoula  west  and  south  and  worst  about  Plains  and  Hamilton. 
It  should  be  destroyed  in  the  localities  in  which  it  is  established 
and  not  permitted  to  spread  and  increase  the  number  of  our 
already  too  numerous  Euroi>ean  pests.    [Fig.  12.] 

72.    *LAMIUM  AMPLEXICAULE,  L.    Dead  Nettle. 

A  European  annual  introduced  with  garden  seed  from  the  east 
and  well  established  near  Ennis.  A  prostrate  or  creeping  plant 
resembling  the  Ground  Ivy,  having  small,  rounded,  opposite  leaves 
with  purple  flowers  in  the  axils.  Unlikely  to  become  trouble- 
some except  in  irrigated  gardens. 

73.    *LEONURUS  CARDIACA,  L.    Motherwort. 

A  European  perennial  well  established  in  waste  places  about 
Missoula,  and  one  or  two  other  points  in  the  state. 

74.    LEPACHYS  COLUMNARIS,  T.  &  G.    Cone-flower. 

A  native  perennial  of  the  plains  region,  one  or  two  feet  high, 
with  rough  divided  leaves  and  long-stalked  flowers  with  a  dark 
columnar  disk  and  drooping  yellow  rays.  Spreading  westward 
and  often  troblesome  in  meadows,  pastures  and  waste  places, 
particularly  in  dry  sandy  soil. 

75-  LEPIDlUn  APETALUn.  Willd.    Bird-seed;  Pepper-grass. 

A  small  acrid-tasting  annual  a  few  inches  to  a  foot  high, 
frequent  in  door\^ards,  waste  places  and  cultivated  ground. 
Doubtfully  native,  although  well  distributed  throughout  the 
plains  region.  Seeds  become  mucilaginous  when  wet  and  thus 
facilitate  their  distribution  b3'  animals. 
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76.    LUPINUS  PUSILLUS,  Pursh.    Dwarf  Lupine. 

A  small  bulbous-rooted  perennial,  less  than  a  foot  high,  with 
a  long-stalked  seven-foliate  leaf  and  spike-like  racemes  of  blue 
flowers,  frequent  in  sandy  soil  in  the /Yellowstone  and  Milk  River 
regions,  and  often  troublesome  in  grain  fields  and  cultivated 
ground.    Native. 

77.     LUPINUS  SERICEUS,   Pursh.    Lupine;  Pr.\irie  Beans, 

A  native  perennial  common  in  dry  ground  throughout  the 
state.  Like  the  last  but  larger,  one  to  three  feet  high.  Persistent 
with  long,  creeping  rootstocks  in  new  ground  and  difficult  to  ex- 
terminate except  by  digging  or  long  cultivation. 

78.    LYGODESMIA  JUNCEA,  Don.    Wild   Asparagus;    Skele- 
ton-weed. 

A  slender-stemmed  branching  native  plant,  one  or  two  feet 
high,  apparently  leafless,  with  purplish  flowers  and  lon^  penetrat- 
ing rootstocks,  often  troublesome  in  cultivated  ground  in  the 
region  east  of  the  Divide.    [Fig.  13.] 

79.    *  MADIA  FILIPES,  Gray.     Small  Tarweed. 

A  small,  slender  Pacific  Coast  tarweed,  which  has  reached  our 
borders  along  the  railways  in  the  western  part  of  the  state.    Well 
established  in  waste  places  about  Troy,  Libb3^  and  Thompson 
Falls.    Annual. 

8o.    MADIA  GLOMERATA,  Hook.    Tarweed. 

Another  Pacific  Coast  annual  similar  to  the  last  but  much 
larger,  about  two  feet  high,  with  sticky,  ill-smelling  herbage  and 
terminal  clusters  of  inconspicuous  flowers.  In  waste  places,  pas- 
tures and  along  roadsides  eastward  as  far  as  Bozeman  and  ap- 
pears to  be  rapidly  spreading  eastward  in  the  state. 

81.    *MALVA  PARVIFLORA,  L.    Running  Mallow. 

A  small  annual  European  mallow,  noted  in  waste  places  about 
Conrad  on  the  G.  F.  &  Can.  Ry.  (R.  S.  Williams),  Thompson  Falls 
and  Plains. 


Fig.  13.    l.yK"''*;*'"''!'  juiicva.  Dim.      Plniil  natural  size;  b-e  enlarged.  ^ 
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82.    MALVASTRUM  COCCINEUM,  Gray.     Wild  Hollyhock. 

A  small  native  perennial  about  six  inches  high,  with  divided 
leaves,  and  brick-red  flowers,  not  infrequent  in  waste  places  east- 
ward, and  often  persistent  in  new  ground;  hardly  large  enough  or 
sufficiently  abundant  to  be  troublesome. 

83.     HARRUBIUM  VULGARE.  L.    Horehound. 

A  white- woolly  European  perennial,  one  or  two  feet  high, 
with  opposite,  roundish  leaves,  and  the  flowers  and  fruit  clustered 
in  the  axils  of  the  upper  leaves.  Seeds  disseminated  by  the  bur- 
like calyx.  This  has  been  found  to  be  one  of  the  worst  weeds  in 
Idaho  and  Utah,  and  is  becoming  very  troublesome  in  streets, 
roadsides  and  waste  places  along  the  railroad  from  Missoula  west- 
w^ard,  but  rare  elsewhere  in  the  sta^e.    Coming  in  from  the  west. 

84.    MATRICARIA  DISCOIDEA,  DC.    Ray  less  Dogfennel. 

A  Pacific  Coast  annual  resembling  the  dog-fennel  (Anthemis 
Cotula)  and  similarly  ill-scented,  but  without  the  white  ravs  and 
much  smaller.  Frequent  in  streets  and  waste  places  and  along 
highways  throughout  the  western  part  of  the  state.  Introduced 
from  the  west  and  rapidly  spreading  eastward. 

85.    MELILOTUS  ALBA,  Lam.    Sweet  Clover;  White  Melilot; 

Honey  Clover. 

An  annual  or  biennial,  three  to  six  feet  high,  frequent  in  raan\' 
places  along  irrigation  ditches  and  in  waste  places,  particularly  in 
the  Yellowstone  valley,  where  it  has  been  found  most  troublesome. 
Much  resembles  alfalfa,  but  is  taller  and  more  slender  and  has 
white  flowers,  while  its  value  as  a  forage  plant  is  questionable. 
It  appears  to  grow  best  in  alkali  ground.  Introduced  from  Europe. 
Seeds  appear  to  be  scattered  by  water  and  in  hay. 

86.    *MELILOTUS  OFFICINALIS,  Willd.    Yellow  Meljlot. 

Like  the  preceding,  but  with  yellow  flowers.  In  waste  places 
at  Helena  (F.  D.  Kelsey),  White  Sulphur  Springs  (R.  N,  Sutherlin), 
and  Miles  City.    Infrequent. 

87.    nONOLEPIS  CHENOPODIOIDES,  Moq.    Poverty  Weed. 

A  native  annual  prostrate  or  ascending  with  green  inconspicu- 
ous flowers  and  abundant  fruit;  fruiting  throughout  the  .season. 
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much  resembling  Chenopodinm  glaucvm.     One  of  our  most  troub- 
lesome weeds  in  3'ards,  gardens  and  waste  places. 

88.    *NASTURTIUM  ARMORACIA,  Fries.     Horse  Radish. 

In  waste  places  an  occasional  escape  from  cultivation. ' 

89.    *NEPETA  CATARIA,  L.    Catnip. 

A  well-known  European  perennial  becoming  established  in 
waste  places  at  Helena  (F.  D.  Kelsej),  Columbia  Falls,  Holt, 
Thompson  Falls,  Plains  and  a  few  other  places  in  the  state. 

90.    CENOTHERA  BIENNIS,  L.  Yellow  Evening  Primrose, 

A  slender  biennial  three  or  four  feet  high  with  3'ellow  flowers 
and  spindle-shaped  fruit  about  an  inch  long,  introduced  along  the 
railroads  and  highways  in  most  parts  of  the  state  and  frequently 
so  common  as  almost  to  appear  native  in  low  ground  (0.  depressa, 
Greene  and  Onagra  sttigosa,  Kydberg). 

91.    PANICUM  CAPILLARE,  L.     Tumble-Grass. 

A  hairy  annual  grass  with  a  widely  spreading  panicle  of  fruit 
easily  detached  when  ripe;  occurs  occasionally  in  fields  and  waste 
places  particularly  in  the  Plains  region.    Here  doubtfully  native. 

92.    *PANICrJM  CRUS-GALLI,  L.    Barnyard  Grass. 

An  introduced  annual  rare  in  fields,  yards  and  waste  places; 
here  usually  prostrate  and  spread  by  irrigation.  At  Ulm  (R.  S. 
Williams),  Bozenian,  Malta  and  Chinook. 

93.    *PANICUM  SANGUINALE,  L.     Crab-Grass. 

Occasionally  imported  from  the  east  in  grass  seed,  but  shows 
little  or  no  disposition  to  spread.  Noted  at  Great  Falls  and 
Bozeman. 

94.    PASTINACA  SATIVA,  L.    Parsnip. 

Often  escapes  from  cultivation  and  is  found  occasionally  in  old 
fields,  waste  places  and  along  irrigation  ditches. 

95.    PLANTAGO  ASIATICA,  L.    Native  Plantain. 

The  common  plantain  in  ditches  and  low  ground  by  roadsides 
and  in  waste  places,  apparently  native. 
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96.    PLANTAGO  MAJOR,  L.     Plantain. 

A  European  perennial  abundantly  introduced  in  lawns,  pastures 
and  waste  places  about  Deer  Lodge,  Columbia  Falls,  Bozeman  and 
most  of  the  larger  towns  and  cities  of  the  state.  Like  the  dande- 
lion, it  is  difficult  to  eradicate  from  lawns  except  by  digging.  It 
should  not  he  allowed  to  secure  a  foothold  in  a  community.  This 
species  is  very  difficult  to  distinguish  from  the  one  above,  except 
that  it  is  smaller  and  more  smooth,  has  shorter  and  more  abrupt 
spikes  of  fruit,  central  dehiscence  of  the  capsule  and  a  more 
pestiferous  habit  of  frequenting  lawns,  yards  and  waste  places. 

97.  PLANTAGO  PATAGONICA  GNAPHALIOIDES,  Gray. 

RiBGRASS. 

A  native  annual  of  the  plains  region,  frequent  in  dry  ground 
and  with  a  decided  tendency  to  crowd  out  the  grasses  in  pasture 
land,  when  close  cropped.  The  variety  aristata,  Gray,  occurs  with 
the  other  form  but  is  much  less  frequent.  This  has  been  quoted  as 
a  weed  from  this  state,  but  has  value  as  a  forage  plant.  The  seeds 
of  all  these  plantains  becomes  mucilaginous  when  wet,  adhere  to 
everything  they  touch  and  so  are  easily  transported  in  the  mud  of 
passage. 

98.    *POA   ANNUA,  L. 

A  small  annual  grass  from  Europe,  a  few  inches  high  in  streets 
and  waste  places  at  St.  Ignatius,  Columbia  Falls  and  a  few  other 
places  in  the  state,  but  of  no  special  importance. 

99.     POLYGONUM    AVICULARE,    L.       Knotgrass;     Yardgrass; 

GOOSEGRASS. 

An  introduced  annual  forming  carpet-like  patches  in  yards, 
waste  places,  streets  and  along  highways,  often  trailing  for  several 
feet.  It  has  a  smooth,  wiry  stem,  small  leaves  and  inconspicuous 
flowers.  Common  in  beaten  ground  throughout  the  state;  mainly 
in  the  coarser,  blunt-leaved  form  (P.  littorale.  Link.),  though  both 
occur. 

100.    POLYGONUM  ERECTUM,L. 

An  introduced  weed  very  similar  to  the  last,  but  is  usuallv 
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erect  and  with  bioad  oval  leaves.    Noted  at  Bozeman,  Malta,  the 
Ft.  Peck  Reservation  near  Calais,  Forsyth  and  Glendive. 

loi.     POLYGONUn  CONVOLVULUS,  L.    Wild  Buckwheat. 

A  climbing  or  trailing  vine  with  heart-shaped  leaves  and  buck- 
wheat-like fruit  common  in  yards,  waste  places  and  cultivated 
ground  in  the  settled  parts  of  the  state.  An  annual  introduced 
from  Europe  and  the  East  and  now  become  one  of  our  worst  weeds. 

102.    POLYGONUM  LAPATHIFOLIUM,  L.    Smartweed. 

A  smooth  annual  with  swollen  joints  and  small  terminal  spikes 
of  purplish  or  white  flowers,  one  to  three  feet  high.  Introduced 
about  waste  places,  gardens  and  in  cultivated  ground;  not  in- 
frequent. 

103.    POLYGONUM  PERSICARIA,  L.    Smartweed. 

A  not  infrequent  introduction  in  wet  places,  but  hardly  trouble- 
some. Like  the  last,  but  lower  and  with  thicker  and  more  brightly 
colored  spikes. 

104.    *PORTULACA  OLERACEA,  L.    Purseley. 

A  brittle,  fleshy  annual  with  small  yellow  flowers,  forming  broad 
mats.  This  eastern  pest  has  appeared  in  gardens  occasionally,  in- 
troduced with  garden  seed,  and  grows  vigorously  in  irrigated 
ground.  Not  likely  to  be  more  than  locally  troublesome,  but  should 
be  exterminated  in  every  case  lest  it  become  established  and  difficult 
to  control.  Noted  in  gardens  and  in  waste  places  at  Bozeman, 
Ennis,  Craig,  Forsyth  and  Glendive. 

105.    RUMEX  ACETOSELLA,  L.    Sheep  Sorrel. 

A  perennial  one  or  two  feet  high  with  small  leaves,  having  ear- 
like lobes  on  each  side  near  the*  base  and  a  strong  acid  taste,  and 
with  slender  terminal  naked  sprays  of  small  green  flowers  or  fruit. 
Forms  patches  in  meadows,  pastures  and  waste  land,  spreading 
by  means  of  long  underground  rootstocks,  and,  like  the  Canada 
thistle,  ver^'  difficult  to  extermmate  after  it  gets  established.  This 
is  going  to  be  one  of  the  worst  weeds  in  the  state,  as  it  is  well 
adapted  to  our  climatic  conditions  and  has  a  footing  in  man\' 
places  over  the  state,  particularly  westward.    It  has  fairly  taken 
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some  grain-fields  in  the  Gallatin  Valley  and  is  bad  in  several  parts 
of  the  Flathead  Valley,  while  it  is  common  along  the  railroad  from 
Missoula  westward,  apparently  coming  in  from  the  Pacific  coa^t. 
This  should  be  included  among  the  outlawed  weeds  of  the  state. 
[Fig.  14.] 

106.    RUMEX   CRISPUS,  L.    Curly-leaved  Dock;    Burdock. 

A  large  perennial  dock  established  in  streets  and  waste  places 
about  most  of  the  larger  towns  of  the  state  but  not  as  yet  common 
or  very  troublesome.  The  large  thick  roots  must  be  removed  b\' 
digging. 

107.  RUMEX  SALICIFOLIUS,  Weinm.  Willow-leaved  Dock. 

A  coarse  weed  like  the  last  but  with  narrower  leaves;  frequent 
along  roadsides,  in  waste  places  and  pastures.  Apparently  intro- 
duced from  the  west;  possibly  indigenous. 

io8.    SALSOLA  KALI  TRAGUS,  Moq.    Russian  Thistle. 

An  introduced  annual  with  little  or  no  resemblance  to  a  thistle. 
It  has  awl-shaped  leaves,  a  green  stem,  stnped  with  red,  and 
prickly  truit-bracts,  becoming  hard  and  spiny  in  age;  flowers  and 
fruit  small  and  inconspicuous.  It  often  forms  a  large  globular 
mass  a  yard  or  more  in  diameter,  which  finally  becomes  detached 
and  is  rolled  about  by  the  wind  like  the  tumble-weed.  It  favors 
sandy  or  alkali  soil  for  growth  and  frequents  railway  grades, 
streets  and  waste  places  about  towns  and  cities;  seems  to  make 
no  headway  against  the  native  vegetation  in  the  open  fields  and 
plains.  This  is  one  of  the  three  outlawed  weeds  of  Montana  and 
doubtless  well  deserves  to  be  included  in  the  list,  but,  as  far  as  my 
observation  goes,  it  has  not  yet  become  a  pest  here  in  cultivated 
ground,  although  well  scattered  over  the  state,  and  hardly  deserves 
the  bad  reputation  given  it.  In  its  younger  growth  it  makes  fair 
forage  and  is  occasionally  cut  for  hay,  so  that  it  may  yet  prove  a 
valuable  forage  plant  adapted  to  alkali  situations,  where  little 
else  will  grow.    Well  scattered  in  the  Milk  River  and  Yellowstone 


Fig.  lo  li.    Salsola  Knli  Tragus,  Moq.    Stcdling  and  hrnnch  ii 
Hmvcr  and  fruit  enlarged. 
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regions;  at  Missoula  and  Helena  and  reported  from  Manhattan, 
Livingston,  Billings,  Cinnabar,  Great  Falls  and  at  points  along^ 
the  railway  in  Silver  Bow  and  Beaverhead  counties.  It  is  easily 
uprooted  with  a  hoe  and  should  be  piled  into  heaps  and  burned 
when  dry,  as  the  smallest  plants  bear  fruit  and  will  serve  to  re- 
stock the  soil,  if  simply  dug  up  and  left.  Mowing  the  plants,  as 
is  frequentl3''  done,  is  of  little  aid  toward  their  extermination,  as 
the  stubs  remaining  will  bear  enough  fruit  to  replant  the  soil  for 
the  ensuing  season.  It  is  better  adapted  to  the  conditions  existing 
in  the  Milk  River  and  Yellowstone  Valleys  than  elsewhere  in  the 
state  and  may  there  prove  a  serious  menace  to  the  agricultural 
interests,  but  should  be  exterminated  wherever  found,  as  the  law 
requires.  Seeds  distributed  principally  by  the  railways,  irrigation 
ditches  and  mud  of  passage.    [Fig.  15  a  and  b.] 

109.    SAPONARIA  VACCARIA,  L.    Cockle;  Cow  Cockle. 

A  smooth  European  annual,  one  ortwo  feet  high;  with  opposite, 
cl£Lsping  leaves  and  conspicuous  pink  flowers  terminating  the  level- 
topped  spread  of  branches.  A  common  and  pernicious  weed  in 
grain  fields  in  the  eastern  part  of  the  state,  but  rare  westward. 
It  should  not  be  allowed  to  secure  a  footing  in  regions  not  yet  in- 
fected and  may  be  hand-pulled  where  the  plants  are  few  or  its  dis- 
tribution limited.  Usually  introduced  and  spread  in  the  grain 
seed  and,  apparently,  by  irrigation.     [Fig.  16.] 

110.    *SENECIO  VULGARIS,  L.    Groundsel. 

An  annual,  about  a  foot  high,  with  divided  leaves  and  incon- 
spicuous heads  of  flowers,  somewhat  resembling  a  thistle.  In 
waste  places  at  Columbia  Falls  and  Big  Timber.    From  Europe. 

111.    *SILENE  NOCTIFLORA,  L.    Catchfly. 

An  introduced  annual  noted  in  fields  and  waste  places  about 
Bozeman.  An  herb  one  or  two  feet  high,  with  sticky  hairs,  op- 
posite leaves  and  white  flowers.  Unlikely  to  become  troublesome 
in  this  state. 


Plant  aln>ut  oiie-lialf  natural  s 
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112.    SISYMBRIUM  ALTISSIMUM,  L.   Itmblisg  Mistakd. 

A  European  annual  of 
the  mustard  family,  two 
or  three  feet  high,  with 
upper  leaves  narrow  or 
fineiy  divided  and  the 
lower  broader-lobed,  and 
having  a  widely  branch- 
ing, level-topped  spread 
of  yellowish  flowers  and 
'  slender  fruit  pods  two 
j^  or  three  inches  long.  This 
s  been  found  to  he  a 
»  most  pernicious  weed  in 
Canada  north  of  this 
state  and  is  extending 
southward.  Speci  mens 
have  been  collected  at 
Great  Falls,  Helena,  Cen- 
tral Park  and  Belgrade, 
and  it  is  fairly  taking  the 
grain  fields  in  some  parts 
of  the  Bitter  Root  and 
Flathead  valleys.  It 
should  not  be  allowed  to 
secure  a  footing  in  any 
L  and  (I  agricultural  section,  as 
its  enormous  fertility, 
tumbling  habit,  and  special  adaptation  to  our  climate  will 
probably  make  it  far  more  dangerous  to  the  fanner  than  any  of 
the  weeds  already  outlawed  in  the  state.    [Figs.  17  a  and  b.] 

113.    SISYMBRIUM  INCISUM.  Engelm.    Tansy  Mistard. 

A  slender  annual  of  the  mustard  family,  one  to  three  feet  high, 
having  small,  yellow  flowers,  short  spreading  pods  and  finely 
divided  leaves.  Common  along  roadsides,  in  grain  fields  and 
waste  places.     Has  the  appearance  of  a  native  in  some  parts  of 


Siajinljriuni 
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Fi^,  1Tb.    Sisymbrium  altissiniuTii.  L,    Fruit 
V*  HEitural  size;  b  enlarj^d. 

the  state  east  of  the  Divide,  but  is  local  in  its  distribution.     Seeds 
scattered  by  water  and  in  mud. 

114.    "SISYMBRIUM  OFFICINALE,  Scop.    Hedge  Mist.^rd. 
Another  introduced  Einnual,  occasional  in   waste  places,   but 
not  likely  to  become  troublesome.    At  St.  Ignatius,  Troy,  Helena. 
Bozeman  and  Missoula. 

115.    "SOLANUM  NIGRUM,  L.     Deadly  Xic.htshade. 

.\n  introduced  annual  in  waste  places  at  Columbia  Falls  (R.  S. 
Williams),  and  Selish  (V.  K.  Chesnut). 
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116.    SOLANUM  ROSTRATUM,  Dunal.    Buffalo  Bur. 

A  prostrate  annual,  with  yellow  flowers  and  a  bur-like  fruit, 
thickly  covered  with  long,  yellow  spines.  Coming  into  the  state 
from  the  east  along  the  railways  and  becoming  troublesome  in 
yards,  waste  places  and  cultivated  ground.  At  various  points 
along  the  Yellowstone,  Missoula,  Box  Elder  Creek,  Glasgow  and 
Culbertson.  It  should  be  killed  out  in  all  localities  before  it  be- 
comes a  pest.    It  spreads  slowly,  but  holds  well  where  established. 

117.     SOLANIUM  TRIFLORUM,  Nutt.    Wild  Tomato;  Stinkweed. 

A  prostrate  spreading  annual  with  lobed  leaves,  small  white 
or  pale  blue  flowers  and  numerous  green,  many  seeded  berries. 
Frequent  in  gardens,  waste  places  and  cultivated  ground  through- 
out much  of  the  region  east  of  the  Divide.  The  host  of  the  Colo- 
rado potato  beetle.    Doubtfully  native.    [Fig.  18]. 

n8.    SONCHUS  ASPER,    Vill.    Sow   Thistle;  Yellow  Thistle. 

A  thistle-like  annual  with  spiny  clasping  leaves  and  yellow 
flowers;  two  or  three  feet  tall.  Introduced  from  Europe  by  wa^' 
of  the  eastern  states  and  now  frequent  and  often  troublesome  in 
gardens  and  cultivated  ground,  particularly  about  Bozeman  and 
Kalispell.    Seeds  feathery  and  scattered  by  the  wind. 

119.    *SONCHUS  OLERACEUS,  L. 

Very  similar  to  the  last  and  commonly  not  distinguished  from 
it.  It  is  more  slender,  less  prickly  and  has  cross-ribbed  seeds.  It 
occurs  with  the  other  species,  but  is  far  less  frequent. 

120.    *SPERGULA  ARVENSIS,  L.    Field  Spurry. 

An  annual  introduced  from  the  Old  World  with  slender, 
branching  stems  and  numerous  clusters  of  thread-like  leaves.  In 
grain  fields  at  Bozeman  but  not  elsewhere  noted. 

121.    *STELLARIA  MEDIA,  Smith.    Chickweed. 

A  small,  spreading  annual  naturalized  from  Europe,  in  yards 
and  waste  places;  occasional  about  Bozeman  and  other  towns  of 
the  state. 

122.    *SUCKLEYA  PETIOLARIS,  Gray. 

A  prostrate  annual,  very  much  resembling  the  pigweed-pursely 
(Amaranthus  blitoides,  Wats.)  but  with  larger  and  more  orbicular 


II  trifiorum,  Nutt.    Branch  natural  siK. 
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leaves.  It  has  as  yet  been  noted  in  this  state  only  in  the  Milk 
River  region  and,  as  far  as  my  observation  goes,  only  in  a  single 
locality  in  the  town  of  Glasgow.  Its  abundance  and  decided  weed 
habit  may  hereafter  make  it  a  pest  in  that  region.  Although  the 
type  locality,  it  is  doubtless  introduced  here  from  the  southern 
plains. 

123.    "SYMPHYTUM  OFFICINALE,  L.    Comfrey. 
A   large  coarse  European   perennial  sparingly  introduced    in 
waste  places  about  Bozeman. 


Fifi.  19,  Tarnxncum  officinale,  Weber.  Plant  about  ^4  nnturnl  size. 
134-  TARAXACUM  OFFICINALE,  Weber.  Dandelion. 
-A.  perennial  of  European  origin,  with  a  long,  deeply  penetrat- 
ing root  which  makes  it  difficult  to  eradicate.  It  has  a  cluster  of 
lobed  ground  leaves  from  which  arise  the  slender  flower  stalks 
with  yellow  flowers  and  round  balls  of  plumose  fruit,  which  are 
carried  long  distances  by  the  wind.  One  of  the  worst  weeds  in  the 
state  ill  lawns,  waste  places  and  pastures  about  the  larger  towns. 
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and  can  be  exterminated  only  by  cultivation  or  by  digging;  the 
latter  is  most  effective  when  the  roots  are  cut  off  just  below  the 
crown  of  leaves  during  the  flowering  season.  Apparently  well  dis- 
tributed in  the  state  about  towns.     [Fig.  19.] 

125.    'THLASPI  ARVENSE,  L.    Pennycress. 
An  introduced  annual  of  the  Mustard  family  much  resembling 
the  birdseed  (Lepidium  apetalum)   but  having  larger  pods.    Oc- 
casional in  grain  fields  and  waste  places. 

126.  *TRAG0P0GON  PORRIFOLIUS,  L.  Salsify;  Oyster-plant. 
In  gardens  and  waste  ]}laces;    not    infrequently  escaped   from 
cultivation. 

127.    "URTICA  DIOICA,  L. 

A  perennial  nettle  about  barn- 
yards and  in  waste  places  in  the 
Koutenai  region.  Infrequent.  Ap- 
parently here,  coming  in  from 
the  west. 

128.    URTICA   GRACILIS,  Ait. 
Stinging  Nettle. 

A  tall  slender  unbranched  per- 
ennial with  green  fruit  clusters 
in  the  axils  of  the  upper  leaves, 
and  with  stinging  hairs.  Not  in- 
frequent in  streets  and  waste 
places  and  along  highways  in 
the  region  east  of  the  Divide, but 
sparsely  introduced  westward. 
Usually  regarded  as  native,  but 
in  this  state  its  habit  is  wholly 
that  of  an  introduced speciesand 
occurs  only  where  its  seeds  may 
have  been  transported  in  hay, 
FiK.  20.  l-rtici  ^-rncilis.  Ait.  Bmnch  water  or  mud  from  points  of 
V4  natiinii  size.  settlement.    [Fig.  20.] 
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i»g.     VERBASCUn  THAPSUS.  L.    Millkin. 

A  thick,  woolly-leaved  biennial  with  a  tall  (two  to  six  feet) 
unbranched  stem  and  a  terminal  spike  of  yellow  flowers.  An  in- 
troduced plant  well  established  in  many  places  about  the  state  in 
fields  and  waste  places  and  by  roadsides.  Most  troublesome  from 
Missoula  south  and  west  along  the  railroads.  Common  in  the 
Flathead  valley  near  Columbia  Falls,  along  the  Missouri  below 
Craig  and  occasional  in  the  Gallatin  valley  near  Bozeman.  Seems 
well  adapted  to  our  climatic  conditions  and  is  liable  to  become  a 
serious  pest. 

i«0.  VERBENA  BRACTEOSA, 
IX.  Trailing  Vervain;Verv .U.N. 
perennial,  native  in  the  region 
of  the  mountains.  It  forms 
Ld  mats  along  roadsides,  in 
Is  and  waste  places.  A  pros- 
E  and  bristly  hairy  plant  with 
II  blue  flowers  along  the  ends 
le  branches, 

VERONICA  PEREGRINA.  L. 
small  annual  not  infrequent 
as  a  weed  in  grain  fields  and 
vated  ground,  but  hardly 
blesome. 

"VERONICA  BYZANTINA. 
B.  S.  P. 
small  weed  occasionally  intro- 
d  in  garden  seed,  but  has  not 
>ecome  well  established.  Noted 
ozeman. 
XANTHIUM   CANAUENSE. 

Mill.       COCKLEHUR. 

Fij...  21.     XanthiumCaimdcsc, -Mill.        A     coarse    annual      with      heart- 
Branch  l~i;  liuniiitural  siie.  shaped  leaves  and  clusters  of  burs 
in   their  axils.      Locally  established   along  ditches  and    in    low 
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ground  in  many  parts  of  the  state  and  seeds  spread  by  stock  and 
bv  irrigation.  Rarelv  troublesome  here  in  cultivated  land. 
[Fig.  21.] 

134.    *XANTHIUM  SPINOSUM,  L.     Thorny  Cucklebur. 

Specimens  of  this  weed  have  been  sent  in  from  the  vicinity  of 
Victor  and  the  plant  is  said  to  be  well  established  about 
sheep  camps  in  the  Bitter  Root  region,  probably  brought  in 
from  the  Pacific  Coast  with  imported  sheep.  It  has  burs  like  the 
preceding  but  the  leaves  are  more  lobed  and  white  beneath  with 
long,  three-divided  yellow  thorns  in  the  axils.  It  should  not  be 
allowed  to  secure  a  footing  in  the  state  lest  it  become  a  serious 
pest  to  the  wool  industry  and  to  agriculture. 


66  THE  MONTANA  EXPERIMENT  STATION. 


ADDENDA. 


135.  *ERODIUM  CICUTARIUM,  L^Her.  Alfilaria;  Pin' Clover. 

A  prostrate  or  spreading,  much-branched  annual  with  finely 
divided  leaves  and  rose-colored'flowers;  fruit  similar  to  that  of  the 
Geranium.  Well  established  J  in  waste  places  at  Thompson  Falls 
and  Plains  and  is  a  fair  forage  plant.  Imported  from  the  Pacific 
Coast. 

136.    *MADIA  SATIVA,  L.    Tall  Tarweed. 

Resembling  M.  glomerata,  but  is  a  taller  plant  (2  or  3 feet  high) 
with  heads  terminating  slender  scattered  branches.  Frequent  along 
roadsides  and  waste  places  at  Thompson  Falls,  coming  in  from 
the  Pacific  Coast. 

137.    *VERBASCUM  BLATTARIA,  L.    Moth  Mullein. 

A  smooth  slender  biennial  2  to  4  feet  high  with  a  cluster  of  tooth- 
ed basal  leaves  and  a  terminal  raceme  of    white    (rarely  3'ellow) 
flowers.     Established  along  the  railroad  at  various  points  west  of 
Missoula  and  exhibits  a  strong  disposition  to  spread.    Noted  at 
DeSmet,  Weeksville  and^Thompson  Falls. 

138.    *VICIA  SATIVA,  L.    Vetch. 

A  European  pea  established  along  the  railroad  at  Plains  and 
its  growth  here  would  indicate  that  it  might  be  profitably  em- 
ployed as  a  forage  plant,  as  it  is  in  Europe. 
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Alfalfa  Dodder,  38.  [Fig.  9]. 

Alfiiaria,  6G. 

Arnica,  41. 

Barnyard  Grass,  40. 

Bazzle-weed,  43. 

Beggar-ticks,  14,  39. 

J^irdseed,  14, 16,  45. 

Black  Henbane,  43. 

Black  Mustard,  14,  30. 

Brome-grass,  31. 

Buffalo-bur,  15,^16,  60. 

Burdock,  14,  27,  53. 

Butterfly- weed,  40. 

Canada  Thistle,  6,  8,  9,  14,  15,  16, 19, 

20,  21,  22,  23,  25,  36.    [Fig.  7J. 
Careless- weed,  16, 26,  40.    [Fig.  llj. 
Carpet- weed,  6,  40. 
Carrot,  5,  30. 
Catch tty,  56. 
Catnip,  49. 
Charlock,  31. 
Cheat ,  Chess,  16,  31. 
Chick  weed,  9,  20,  60. 
Chicory,  34.  [Fig,  6]. 
Chinese  Lettuce,  45.  [Fig  12|. 
Cockle,  9,  17,  25, 5<;,  57.  [Fig,  U\]. 
Com  trey,  62. 
Cone-flower,  15,  45. 
Corn  Cockle,  25. 
Cotton  weed,  14,  ;^. 
Cow  Cockle,  56;  see  "Cockle," 
Crabgrass,  49. 
Cranesbill,  41. 
Creeping  Ragweed,  26. 
Cucklebur,  15,  24,  41,  64.  [Fig.  21]. 
(/Urly-leaved  Dock,  15,  53. 
Dandelion,  6,  7,  9,  15,  19,  20,  62.  [Fig.  19]. 
Dead  Nettle,  45. 
Deadly  Nightshade,  59. 
Dock,  6,  7,  53. 
Dodder,  38.  [Fig.  9]. 
Dog-tennel,  14,  27, 48. 


Downy  Brome-grass,  31. 

Draba,  38. 

Dragon-head,  38. 

Dwarf  Lupine,  16,  46. 

Evening  Primrose,  49. 

False  flax,  16,  31. 

Field  Draba.  38. 

Field  Spurry,  60. 

Field  Thistle,  36. 

Fireweed,  7,  39,  40. 

Foxtail,  14.  15,  42.  [Fig.  10]. 

(iiant  Ragweed,  44.  [Fig.  11]. 

(lotsegrHss,  50. 

Ground  Ivy,  45. 

Groundsel,  56. 

Hedge  Mustard,  15,  59. 

Henbane,  43. 

Hog  weed,  26. 

Honey  Clover,  48. 

Horehound,  14,  48. 

Horseradish,  49. 

Horseweed,  7.  9,  14,  16,  17,  24,  27,  40,  44. 

[Fig.  2], 
Hound's- tongue,  38. 
Hyssop,  43. 

Indian  Pink,  14.  16,  35. 
Ironweed,  16,  19,  24,  28,  39. 
Jerumsalem  Oak,  14,  32. 
Kale,  14,  30. 
Knotgrass,  6,  14,  50. 
Lamb's-quarter,  32,  33.  [Fig.  5]. 
Liquorice,  41. 

Little  Lupine,  16;  see  *'Dwarf  Lupine". 
Lupine,  16,  19,  46. 
Mallow,  47. 

Maple-leaved  Goose  toot,  14,  33. 
Mayweed,  27. 
Milfoil,  15,  25. 

Milkweed.  6,  7,  16,  17,  19,  24,  44. 
Morning-glory,  37. 
Motherwort,  45. 
Moth-mullein,  66. 
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Mountain  Thistle,  36. 

Mouse-ear  Cbickweed,  20,  32, 

Mullein.  15,  64. 

Mustard,  30;  see  "Black  Mustard'*. 

>^  at! ve  Plantain,  49. 

Nettle,  63.  [Fig.  20]. 

Xightshade,  59. 

Oak-leaved  Goose  foot,  33. 

Orache,  7,  28. 

Ox-eyed  Daisy,  33. 

Oyster  plant,  63, 

Parsnip,  49. 

Pennycress,  7,  te. 

Pepper-grass,  45. 

Pigweed,  7,  14. 16,  26. 

Pigweed  Purseley,  6, 14,  15,  26. 

Pin  clover,  65. 

Plantain,  6,  9,  14,  15,  19,  20,  50. 

Poverty- weed,  14,  16,  19,  24,  33,  43,  48. 

Prairie  Beans,  46. 

Prickley  Lettuce,  45.  [Fig.  12J. 

Purseley,  24,26,51. 

Radisb,  5,  30. 

Ragweed,  7,  9, 14, 16,  24,  26,  40. 

Rayless  Dogfennel,  14,  48. 

Red  Pigweed,  14,  33. 

Ribgrass,  50. 

Rosin-weed,  15,  20,  41. 

Running  Mallow,  46. 

Russian  Thistle,  7,  8,  15,  20,  22,  23,  53, 

54,  55.  [Fig.  15]. 
Salsify,  15, 63. 
iSandwort,  14. 
Scotch  Bull  Thistle,  8,   14,20,22,23,36, 

37.  [Fig.  8]. 
Sheep  Sorrel,   6,    15,    17,   19,  20,  51, 52. 

[Fig.  14]. 
Shepherd'spurse,  14,  16,  32. 
Skeleton-weed,  46.  47.  [Fig.  13]. 
Slough-grass,  42.  [Fig.  10]. 
Small  Tarweed,  46. 
Smartweed,  51. 
Snow  on  the  Mountain,  40. 
Sow  Thistle,  7,  9,  16,  60. 
Spurge,  17;  see  ''Carpet- weed". 


SquirrelUil  Grass,  42.  [Fig.  10]. 

Stinkweed,  35,  60. 

Stinging  Nettle,  15,  63.  [Fig.  20]. 

Strawberry  Blite,  33. 

Sunflower,  6,  7,  9,  14,  16,  17  18, 20,  41,  42. 

Sweet  Clover,  7,  48. 

Tall  Ragweed,  27.  [Fig.  2]. 

Tall  Tarweed,  66. 

Tansy  Mustard,  15,  58. 

Tarweed,  14,  46,  66. 

Thistle,  6,  7,  8, 15,  16, 19,  36. 

Thorny  Cucklebur,  65. 

Tickseed,  14,  39. 

Trailing  Vervain,  64. 

Tumble-grass,  7,  14,49. 

Tumble-weed,  6.  7. 14, 15,  25.  [Fig.  1]. 

Tumbling   Mustard,  7,  18,  20,  58,  59. 

[Fig.  17]. 
Turnip,  5,  30. 
Vetch,  66. 
Vervain,  6, 15,  64. 
White  Melilot,  48. 
WhiteSage,  16,  28. 
Wild  Arnica,  41. 

Wild  Asparagus,  16,  19, 46,  47.  [Fig.  13]. 
Wild  Buckwheat,  16, 17, 51. 
Wild  Hollyhock,  48. 
Wild  Lettuce,  14,  44. 
Wild  Liquorice,  6,  16,  19,  41. 
Wild  Morning-glory,  6,  19,  37. 
Wild  Mustard.  6,  7,  9, 14, 16,  18,  20,  30, 

31.  [Fig.  4]. 
Wild  Oat,  6,  9,  16,  17, 18,  20,  28,  29.  [Fig. 

3]. 
Wild  Potato,  15, 16.  [Fig.  18]. 
Wild  Tansy,  25. 

Wild  Tomato,  6,  60,  61.  [Fig..  18]. 
Wild  Turnip,  5,  30. 
Willow-leaved  Dock,  15, 53. 
Woolly  Plantain,  15. 
Wormwood,  14, 16,  28. 
Yardgrass,  50. 

Yellow  Evening  Primrose,  49. 
Yellow  Melilot,  48. 
Yellow  Thistle,  60. 
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BULLETIN  No.  31. JUNE,  1901 


QRAZINQ  AND  FEEDINQ  TESTS. 

R*  S.  SHAW. 


INTRODUCTION. 


This  bulletin  has  been  prepared  especially  for  the  fanners  and 
stockmen  of  Montana.  It  contains  a  simple  statement  of  the  results 
obtained  from  pasturing  cattle  on  clover,  and  from  the  feeding  of  steers 
and  lambs.  In  nearly  every  arable  portion  of  the  state  the  feeding  of 
stock  for  market  is  a  new  industry.  Many  enquiries  come  to  us  asking 
for  information  relative  to  the  work.  Hence,  as  the  work  is  new,  we 
haive  commenced  at  the  beginning  and  tried  to  secure  the  most  import- 
ant and  practical  data  first.  The  more  theoretical  and  scientific  lines 
relating  to  this  work  we  hope  to  take  up  later. 


PART  I. 

Pasture    Experiments. 

4 

In  the  month  of  June,  1900,  an  experiment  was  started  to  deter- 
mine the  productive  capacity  of  our  irrigated  clover  lands,  under  a  graz- 
ing system.  In  other  words  to  find  how  many  animals  a  given  area 
could  support  during  the  growing  season,  the  number  of  pounds 
increase  in  the  live  weight  and  the  value  of  this  increase. 

Land  Chosen. 

This  consisted  practically  of  five  acres,  5.04  by  measure,  fenced 
off  from  an  alsike  field,  which  had  been  seeded  down  during  the  sum- 
of  1897.  The  soil  consisted  of  a  deep,  rich  humus,  somewhat  loamv- 
with  a  gravelly  subsoil.      This  lot  was  divided  into  two  parts  about 
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ec^ual  in  size.  The  two  lots  were  irrigated  alternately  every  two  weeks 
from  June  18  to  August  18,  and  pastured  in  the  same  way.  As  the 
season  was  late,  the  animals  were  withheld  until  June  9,  1900,  in  order 
to  give  the  clover  a  good  start.  It  would  have  been  better,  however,  to 
have  turned  them  on  a  week  earlier,  as  there  was  some  loss  owing  to  a 
rank  growth  of  stems,  which  rendered  the  food  less  edible. 

Animals  Used. 

These  consisted  of  12  high  grade  Shorthorn  and  Hereford  yearling 
steers,  and  later  seven  grade  Jersey  heifers,  one  and  two  years  old. 
*  The  steers  were  thin  at  the  time  when  put  on  the  pasture.  They  had 
come  from  the  range  in  April  and  had  been  kept  on  slough  grass 
pasture  up  the  time  of  going  on  clover.  The  steers  were  turned  on  the 
clDver  June  9,  and  the  heifers  June  18.  The  animals  remained  on  this 
lot  continuously  to  the  first  of  October,  with  the  exception  of  a  few 
days  early  in  August  during  which  the  pastures  were  too  wet.  Through- 
out this  short  interval  they  were  maintained  on  a  timothy  pasture 
which  had  been  closely  grazed  and  would  not  provide  more  than  enough 
for  maintenance.  Water  was  supplied  by  means  of  an  open  ditch  run- 
ning across  the  bottom  of  the  pasture. 

Gains  Made  by  Steers  on  Alsike  Pasture. 

Weifjrht  April  14. 1900,  when  shrunk,  12  steers,  5820  lbs.,  average 485  lbs. 

June  9,        "    when  put  on  alsike,  12  steers,  6540  lbs.,  averaf^e. . .  545  '* 

Oct.  1,        ''    when  removed  from  alsike,  11  steers,  8613  lbs,  av'ge  783  '' 
One  steer  died  from  bloat  on  August  24,  then  weighing  721  lbs. 

(iain  made  by  steer  which  died,  June  9  to  August  24 176  " 

Gain  made  by  11  steers,  from  June  9  to  Oct.  1st 3278  " 
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Total  Gain 3454  " 

Gain  per  day  i>er  head  while  on  pasture 2. 75  " 

Gains  Made  by  Jersey  Heifers  Grazing  With  Steers. 

Weight  June  18, 1900,  7  heifers 4575  lbs 

"      Oct.  1,      "      "        •*     5681    " 


Total  gain  from  7  Jersey  grade  heifers 1106 

Gain  per  head  per  day  while  on  pasture 1 .60 
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GRAZING  STEERS  AND  HEIFERS. 


Relative    Gains. 

An  instructive  feature  of  this  experiment  is  brought  out  in  the 
relative  gains  made  by  the  beef  steers  as  compared  with  the  Jersey 
grade  heifers.  In  the  case  of  the  steers,  a  gain  of  2.75  lbs.  per  head, 
per  day,  was  made,  in  comparison  with  1 .  75  lbs.  from  the  heifers.  It 
should  be  said  of  the  steers,  howeveor,  that  they  were  very  thin  at  the 
time  of  going  on  the  clover,  hence,  they  not  only  grew  rapidly  but 
fattened  very  fast  as  well.  Some  of  the  heifers  were  a  year  older  and 
comparatively  in  better  flesh.  The  results,  however,  tend  to  indicate 
the  greater  meat  producing  powers  of  the  steers,  and  that  for  this 
special  purpose  beef  blood  is  essential. 

Capabilities  of  Alsike  for  Pasture  Under  Irrigation. 

One  question  more  freely  asked  than  any  other  is  "What  area  of 
clover  is  necessary  to  support  a  given  number  of  animals  throughout 
the  growing  season?"  It  was  for  the  purpose  of  answering  the  above 
question  that  this  test  was  made.  The  following  is  a  statement  of  the 
number  of  days  a  given  number  of  animals  were  kept  on  the  5.04 
acres : 

The  11  beef  steers  were  on  the  pasture  the  equivalent  of  108  days. 

The  7  Jersey  heifers  were  on  the  pasture  the  eqivalent  of  93  days. 

Trom  the  time  of  turning  on  the  pasture  these  animals  were  only 
removed  once  for  a  few  days  on  account  of  irrigation  and  this  has  been 
considered  in  the  computation.  The  5.04  acres  of  alsike  therefore  not 
only  maintained  the  eighteen  steers  and  heifers  for  102  days  but 
enabled  them  to  make  a  very  profitable  gain. 

Gains,  in  Pounds  Increase  from  5.04  Acres  Alsike. 

Total  increase  from  11  steers 3278  lbs. 

*•  *'    1  steer  which  died 176    " 

7  heifers 3106    ** 

Sum  total 4560    " 

Cash  Value  of  the  Increase  in  Live  Weight. 

4.700  Ibe.  gain  at  4c.  per  pound $182.40 

Cash  return  from  each  acre 36. 19 
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The  Only  Source  of  Danger. 

This  arises  from  loss  by  bloating.  As  abeady  stated  one  steer 
(lied  from  bloat  on  August  24,  1900.  T)iip  took  place  on  a  warm,  bright 
morning  following  two  days  of  drizzling  rain,  but  while  the  pastures 
were  still  wet.  Each  individual  has  his  own  theories  as  to  the  con- 
ditions which  cause  bloating,  and  yet  no  one  seems  to  hold  good,  for  it 
takes  place  under  an  endless  variety  of  conditions  and  is  a  great  menace 
to  the  pasturing  of  clovers  and  alfalfa.  It  has  been  claimed  by  many 
that  alsike  is  less  liable  to  cause  bloating  than  red  clover  or  alfalfa 
and  this  seems  to  be  true  to  some  extent. 

Results  Encourage  Grazing  by  the  System  Outlined. 

The  possibilities  for  securing  large  returns  from  pasturing  alsike, 
red  clover  and  alfalfa  are  very  great.  In  fact  the  results  from  this, 
the  initial  experiment,  may  seem  overdrawn,  but  such  are  the  facts.  It 
must  be  remembered,  however,  that  each  half  of  the  tract  pastured  was 
irrigated  every  two  weeks.  As  an  illustration  of  the  productiveness 
of  clover  in  the  Gallatin  Valley,  we  wish  to  call  attention  to  the  mar- 
velous results  obtained  from  the  red  clover  hay  which  was  secured 
from  a  portion  of  the  Station  farm  during  the  summer  of  1900.  This 
tract  of  red  clover,  including  7.26  acres,  at  two  cuttings,  yielded  36 
tons,  918  lbs.,  of  well  cured  hay.  It  was  irrigated  three  times,  once 
befbre  the  first  and  twice  before  the  second  cutting.  There  was  thus 
a  return  of  5.02  tons  of  red  clover  per  acre  from  two  cuttings. 

As  regards  the  productive  and  grazing  power  of  red  clover  and 
alfalfa,  in  comparison  with  alsike,  we  as  yet  have  not  secured  any  data. 
This  question  will  be  tested  as  soon  as  the  proper  conditions  can  be 
secured.  It  is  our  opinion,  however,  that  alsike  will  stand  tramping 
and  close  grazing  much  better  than  red  clover.  It  is  a  thick,  matty, 
persistent  grower.  On  a  rich  soil,  with  an  abundance  of  water,  its 
productive  power  is  very  great. 
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PART   II. 

Fattening  Beef  Cattle. 

There  is  a  growing  demand  for  fat  cattle  to  supply  our  local  mar- 
kets, which  is  worthy  of  the  attention  of  the  Montana  stockman  and 
farmer..  Hitherto,  the  state  has  produced  large  numbers  of  fat  cattle 
from  its  ranges,  but  these  have  all  reached  a  finished  condition  at  one 
season  of  the  year  and,  consequently,  have  had  to  be  shipped  at  that 
time  in  order  to  prevent  loss  from  scanty  food  supplies  and  severe 
weather.  Conditions,  however,  are  rapidly  changing  with  the  settle- 
ment of  the  rich  valleys  which  are  being  brought  under  irrigation.  In 
many  places  tlie  large  stocrk  owner  is  now  able  to  supply  food  for  his 
breeding  herds  or  flocks  during  the  winter  season.      In  other  sections, 

m 

devoted  more  largely  to  strictly  agricultural  work,  the  farmer  can  pro- 
duce enormous  quantities  of  forage  which  cannot  be  disposed  of  to 
better  advantage  than  in  the  fattening  of  live  stock  during  the  winter 
season.  It  is  possible  for  our  farmers  not  only  to  supply  the  local 
demand  for  beef  and  mutton  throughout  the  year,  but  to  prepare  large 
number  for  shipping  as  well.  During  1899-1900  steers  were  successfully 
fattened  by  this  Station  and  placed  on  the  local  market  as  reported  in 
bulletin  27.  The  following  winter  of  1900-1901  others  were  fattened, 
not  so  much  for  the  purpose  of  carrying  out  feeding  tests  as  for  making 
a  shipping  trial. 

Amimals  Fed. 

These  consisted  of  the  11  steers  used  in  the  clover  grazing  experi- 
ment on  the  station  farm  during  the  summer  of  1900,  and  also  twenty 
steers  secured  from  the  range.  Both  lots  were  yearlings  and  mostly 
Shorthorn  grades  with  one  or  two  showing  some  Hereford  blood.  Those 
pastured  on  clover  were  in  very  much  better  flesh  when  put  on  feed,  as 
the  ranges  of  the  autumn  of  1900  were  very  scant.  The  twenty  range 
steers  were  also  at  the  disadvantage  of  having  to  be  rlehorned  a  few 
days  before  feeding  began.  The  latter  were  purchased  on  Oct.  15, 
1900,  and  both  lots  were  given  the  run  of  the  Station  farm  until  Nov. 
13,  at  which  time  they  were  put  on  feed.      Their  food  during  this  time 
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consisted  of  such  material  as  coald  be  gleaned  from  112  acres  of  stub! 
57  of  which  was  clover.  Representatives  of  these  two  types  are  shoi 
in  Figs.  1  and  2  before  shipping. 

On  Nov.  13, 1900,  the  steers  were  divided  into  three  lots,  weig 
and  put  on  feed.    The  divisions  were  made  according  to  quality. 
(1)  used  in  the  pasturage  experiment,  showed  the  largest  infusion 
l)eef  blood,  lot  (2)  a  close  second  and  lot  (3)  the  least  typical. 

The  objects  chiefly  sought  were,  first,  finished  condition  from  ti 
use  of  clover  as  roughage  with  a  minimum  amount  of  grain, 
second,  the  profits  which  could  be  secured  from  shipping. 

Total  Food  Consumed. 

Lot  I.,  11  steers,  clover  from  November  L3, 1900,  to  March  30, 1901 37,455  Ib« 

I.,  11      "       barley  meal  from *•        *'        "..;...  7,530 

II.,  10    "       clover  "        "        " 29,335 

II.,  10    "      barley  meal    "        '*       "        "  "        "        " 7,315 

III.,  10"      clover  "        "        "        •*  "        "        " 29,235 

III.,  10  "       barley  meal    '•        "        "        "  "        "        " 7,380 

Average  Amount  of  Food  Consumed  per  Day. 

Lot  I     Clover  hay  consumed  per  head  per  day 24.8  lbs. 

"   I     Barley  meal        " .5 

"   II    Clover  hay  **  "        "        "      "    21.4    " 

"  II    Barley  meal        '*  "        "        "      "    5.34" 

"   III  Clover  hay         " 21.33" 

"  III  Barley  meal       "  "    5.39" 


Increase  in  Live  Weight  from  Food  Fed. 

Lot  I,    11  steers,  weight  Nov.  13,  1900,   9000  lbs.,  average    823.6  lbs. 
"L    11      "  "      Mar.  30,  1901,  12075    "         "         1097.7    *• 

Total  gain 3015    "         "  247.1    " 

Average  daily  gain  per  ^ead  during  LS7  days,  2  lbs. 

Lot  II.  10  steers,  weight  Nov.  13,  1900,    7985  lbs.,  average    796.5  lbs. 
"  IL  10      "  "       Mar.  30,  1901,  10396    "         "         1039.5    " 

Total  gain 2410    •*         "  241.0    " 

Average  daily  gain  per  head  during  139  days,  1 .  75  lbs. 


r        ' 
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Lot  III.  10  steers,  weight  Nov.  13, 1900,  7375  lbs.,  average    737.5  lbs. 
"  III.  10      "  "       Mar.  30,  1901,  9720    "  "  972.0    " 

9'otal  gain 2345    "  "  234.5    " 

Average  daily  gain  per  head  during  137  days,  1 .  71  lbs. 

Attention  is  called  to  the  fact  that  the  amount  of  food  used  was 
small  considering  the  gains  made.  This  may  be  attributed  in  a  large 
measure  to  the  quality  of  the  food.  The  clover  consisted  of  both  first 
and  seijond  cutting  hay,  which  had  been  cured  in  perfect  condition 
under  a  cloudless  sky.  This  clover  retained  all  the  blooms,  which 
presented  the  same  colorations  they  possessed  on  the  day  of  cutting. 

Throughout  the  137  days  during  which  the  steers  were  fed  there 
was  not  a  single  pound  of  waste  from  the  roughage.  Attention  is  also 
called  to  the  fact  that  not  more  than  one-half  pound  of  barley  meal, 
per  100  lbs.  live  weight,  was  fed  each  day.  This  is  the  amount  which 
we  had  planned  to  follow  throughout  the  feeding  period.  We  believe 
that  not  more  than  this  is  nscessary  to  give  maximum  results  when  fed 
along  with  roughage  of  the  quality  which  can  be  produced  in  Montana 
We  are  also  convinced  that  maximum  gains  can  be  secured  in  cattle 
feeding  in  this  state  from  a  minimum  amount  of  food.  This  is  due  to 
two  agencies,  first,  an  unexcelled  quality  of  food,  and,  second,  climatic 
conditions  which  are  most  favorable,  viz.,  continual  sunshine,  proper 
temperature  and  quiet  atmosphere. 

Cost  of  Foods  Used. 

Lot  I.    Hay  fed.  37,445  lbs.,  at  85.00  per  too $  93.63. 

•'    I.    Barley  meal  feed,  7530  lbs.,  at  70c.  per  cwt. . .     52.71. 

Total  value 146.34. 

Cost  per  100  pounds  increase  (including  maintenance)      4.85. 

Lot  II.  Hay  fed,  29,a35  lbs.,  at  $5.00  per  ton $  73.33. 

"    II.  Barley  meal  fed,  7315  lbs.,  at  70c  per  cwt 51 .  20. 

Total  value 124  53. 

Cost  per  100  pounds  increase  (including  maintenance)      5.16. 

Lot  III.  Hay  fed,  29,235  lbs.,  at  $5.00  per  ton $  73.08. 

"    III.  Barley  meal  fed,  7380  lbs.,  at  70c.  per  cwt. . .     51.66. 

Total  value 124.74. 

Cost  per  1(X)  pounds  increase  (including  maintenance)      5.31. 

In  the  figures  above  given  attention  is  called  to  the  fact  that  the 
cost  of  increase  diminishes  according  to  the  quality  of  the  animals  fed. 
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Financial  Statement. 

Nov.  13,  1900,  To  31  steers  at  $25.00  per  head  $775.00. 

Mar.  30, 1901,  To  cost  of  feed.  Lot  1 146.34. 

"      "      "        "        "        *'        "     II 124.53. 

"      "      ' '     III 124.74. 

"      "      "       /'        •'        shipping  to  Seattle  150.80. 
April  6, 1901.  By  31  steers,  28880  lbs,  at  5c. .  .$1444.00. 

To  net  profit 122.59. 


»*  4i  k4 


$1444.00    $1444.00. 
Net  profit  per  head,  $3.95. 

It  will  be  noticed  that  feeding  these  yearling  steers  for  137  days, 
securing  an  average  price  for  the  food  consumed  by  them  and  defray- 
ing all  expenses,  there  was  left  a  net  profit  on  the  carload  of  $122.59, 
or  $3.95  per  head.  These  steers  were  shipped  to  Seattle.  Had  there 
been  a  sufficient  number  of  cars  in  the  shipment  to  secure  passage 
by  stock  train  time,  the  shrinkage  would  not  have  been  so  great  and 
the  net  profit  relatively  larger.  The  officials  of  the  Northern  Pacific 
railroad  were  extremely  obliging  in  forwarding  our  car  of  cattle  as 
expeditiously  and  comfortably  as  possible. 
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PART   III. 

Lamb   Feeding  Experiments. 

These  comprised  the  third  series  which  have  been  conducted  con- 
secutively. The  object  sought  has  been  to  secure  data  relating  to  the 
fattening  of  lambs  un  Jer  Montana  conditions  and  with  home  grown 
foods.  The  work  of  1898  and  1899  consisted  of  a  test  of  the  compara- 
tive values  of  alfalfa,  red  clover  and  alsike  hays,  in  which  results  were 
obtained  showing  that  there  was  comparatively  little  diflFerence  among 
them.  In  1899-'(X)  tests  were  made  as  to  the  gains  and  cost  of  pro- 
duction with  the  following  rations,  viz:  (1)  clover  alone,  (2)  clover  and 
unmarketable  wheat,  (3)  clover  and  oats,  with  the  following  results: 

From  ration  (1)  a  gain  of  8.1  lbs  per  head,  per  month,  at  a  cost  of 
$3.54  per  100  lbs.  increase;  from  ration  (2)  10  lbs.  per  head  per  month, 
at  a  cost  of  $3.22  per  100  lbs.  gain;  and  from  lot  (3)  10.5  lbs.  per  head, 
per  month,  at  a  cost  of  $4.49  per  100  lbs.  gain. 

During  the  feeding  season  of  1900  and  1901,  the  following  tests 
were  made:  A  comparison  of  the  results  from  the  following:  first, 
the  feeding  of  clover  and  marketable  grain,  viz:  Oats  and  barley, 
second,  the  feeding  of  clover  and  screenings,  and  third,  the  feeding  of 
clover  alone.  A  test  was  also  made  between  clover  and  grain  hay.  The 
difference  in  results  was  also  ascertained  between  two  lots  fed  on  the 
same  ration  but  one  with  constant  access  to  water  and  the  other  with 
water  but  once  each  day.  A  sixth  lot  was  also  fed,  but  not  under  ex- 
periment, the  object  being  to  produce  a  superior  quality  of  lamb  for 
the  home  markets. 
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Animals  Used. 

These  consisted  pf  grade  Merinos,  showing  some  Leicester  and 
Cotswold  blood;  they  had  been  reared  on  the  range  and  were  thin  at 
the  time  of  purchase,  Oct.  15,  owing  to  the  scarcity  of  food  on  the 
ranges  during  the  autumn  of  1900.  In  all  225  lambs  were  purchased, 
not  picked,  but  cut  out  from  a  flock  of  several  hundred.  At  the  time 
of  purchase  these  lambs  averaged  50.86  lbs.  The  purchase  price  being 
$2  per  head,  the  cost  per  cwt.  amounted  to  $3.95.  After  having  been 
weighed  these  lambs  were  given  the  run  of  the  farm  for  thirty  days. 
When  the  crop  had  been  secured,  112  acres  of  the  Station  farm  became 
available  for  pasturage .  This  area  consisted  of  stubble  from  the  fol- 
lowing crops,  viz:  14  acres  of  oats,  7  acres  of  wheat,  10  acres  of  barley, 
12  acres  of  peas,  4  acres  of  plat  grain,  4  acres  grain  hay  and  4  acres  of 
root  and  potato  ground.  The  balance  comprised  57  acres  of  clover 
stubble,  five  of  which  had  been  pastured  closely  throughout  the  season 
and  two  cuttings  removed  from  the  balance.  The  barley  and  wheat 
stubble  grounds  both  possessed  good  stands  of  clover.  On  Oct.  15, 
1900,  230  lambs  went  on  the  fields,  weighing  11699  lbs.,  averaging  50.86 
lbs.  On  Nov.  15,  these  were  removed  to  the  feed  lots  after  having 
weighed  13948  lbs.,  averaging  60.64  lbs.  ^  The  increase  was  therefore 
9.78  lbs.  per  head  for  the  month.  This  increase,  which  is  large,  was 
no  doubt  due  to  the  great  variety  of  food  secured  and  the  great  abun- 
dance of  the  same.  The  benefit  thiis  derived  is  a  double  one,  arising, 
first,  from  the  conversion  of  waste  products  into  meat,  and,  second,  to 
the  thorough  cleaning  which  the  farm  received. 

Test  No.  1. 

This  was  made  up  of  three  lots  of  lambs  of  53  each,  with  like  yard 
and  shed  accomodation  and  constant  access  to  an  abundance  of  pure 
water  which  ran  through  the  yards.  Lot  I  was  fed  on  clover  and  a 
grain  ration  of  oats  and  barley,  consisting  of  No.  1  marketable  grain. 
Lot  II  received  clover  and  screenings  and  Lot  III  clover  only. 

Food  Consumed  and  Cost. 

Lot  I.  Nov.  16, 1900,  to  Fed.  13, 1901,  clover  hay  13872  lbs  at  $5  per  ton  ....$  34.68 
"I.      "        "        *'        "        "      "     grain  2686  lbs  at  85c.  per  cwt 22.83 

Total *. 57.51  | 


Fig.  5.    Back  View  of  Fig.  3 
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Lot  II.  Nov.  16, 1900,  to  Feb.  13, 1901,  clover  hay,  14055  lbs.  at  $5  per  ton .  .$  35.13 
"  II.        "        "        Screenings  2659  lbs.  at  55c  per  cwt . . . .     14 .  62 

Total 49.75 

Lot  III.  Nov.  16, 1900,  to  Feb.  13, 1901,  clover  hay,  15875  lbs  at  $5  per  ton . .     39.68 

Total 39.68 

It  will  be  noticed  in  Lot  I,  where  clover  and  marketable  grain 
were  fed,  that  the  cost  of  feeding  is  raised  high  above  the  other  two 
because  of  the  costliness  of  the  grain  and  that  as  hereafter  pointed  out 
the  increase  was  not  enough  to  counterbalance  the  extra  expense.  Also 
that  while  the  food  of  Lot  III  cost  the  least,  the  increase  was  not 
sufficient  to  render  it  the  cheapest  producer  in  the  end. 

Gains  Made. 

Lot  I.  53  lambs,  weight  Nov.  16, 1900 3215  lbs.,  average  60.66  lbs. 

Lot  1.    "        '*  "        Fob.  13, 1901 4538    *'  *'      85.62    " 

it  *4  

Total  gain 1323    "  "       24.96    " 

Lot  II.  53  lambs,  weight  Nov.  16, 1900. 3260  lbs.,  average  61.5    lbs. 

Lotn.    "        "  "        Feb.  13, 1901...... 4748    "         "         89.58    *' 

Total  gain 1488    "         "         28.08    " 

Lot  in.  53  lambs,  weight  Nov.  16   1900 3245    "  "         61.22    •' 

Lot  in.    "        "  "      Feb.  13,  1901 4366    *'  '         82.37    " 

Totalgain 1121    "         "         21.15    " 

Relative  Amounts  of  Food  Consumed. 

Lot  I.    Clover  consumed  per  head  per  day  '2.9    lbs. 
'*  I.    Grain  "  "        »*        »•  .56    " 

"  II.  Clover  '         2.94    " 

"  II.  Screenings  "  ' .55    " 

"  IIL  Clover        3.32    " 


Relative  Cost  of  Production. 

Lot  I.      Cost  per  100  pounds  increase'  including  maintenance  W.34 
Si  jj^        u      .*    »»  »»  »»  "  "  3.34 

»i  III.      "      "    "  "  "  "  "  3.53 


• 
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We  (conclude,  therefore,  that  the  most  satisfactory  results  were 
secure!  from  the  ration  of  clover  and  screeninpfs.  More  profitable 
because  the  increase  was  greater  and  the  cost  of  production 
less.  That  the  per  capita  gains  should  be  greater  from  the  lot  fed 
screenings  than  those  receiving  first  class  grains  may  seem  strange,  but 
such  are  the  results  of  this  test.  While  Lot  I  received  a  few  pounds 
less  hay  than  Lot  II  this  was  about  offset  by  their  having  received  a 
little  more  grain.  From  practically  the  s  ime  number  of  pounds  of  food 
fed,  Lot  II  receiving  screenings,  made  a  greater  gain  by  165  pounds 
than  Lot  I,  receiving  grain.  While  this  is  contrary  to  the  general 
expectation,  it  no  doubt  depends  largely  upon  the  character  of  the 
screenings  and  the  variety  which  it  affords.  In  this  case  they  were 
second  screenings,  containing  an  endless  variety  of  grain  and  weed  seetls 
and  practically  no  light  or  chaffy  material.  In  addition  to  the  larger 
gain,  the  screening  fed  lambs  cost  $1.00  less  per  hundred  pounds  in- 
crease. While  the  gains  and  cost  of  production  from  the  clover  fed 
lot  were  moderate,  still  they  were  not  so  satisfactory  as  those  from  Lot 
II,  for  the  reason  that  the  lambs  were  not  in  as  good  condition  for 
market  nor  for  withstanding  the  hardships  of  shipping. 

We  conclude,  therefore,  ihat  it  is  best  to  use  some  grain  along 
with  alfalfa  or  clover  in  preparing  lambs  for  shipping,  that  a  lai^e 
amount  is  not  necessary  because  of  the  quality  of  our  coarse  foods. 
Not  more  than  one-half  pound  of  grain  per  day  throughout  a  feeding 
period  of  ninety  days,  or  the  equivalent  of  this  if  fed  only  throughout 
the  latter  portion  of  the  period.  This  will  of  course  only  apply  in  those 
cases  where  Montana  grown  legumes  are  used  as  roughage.  Where 
first-class  marketable  grains  are  used  it  makes  the  ration  too  expensive. 
Good  results  can  be  secured  from  screenings  or  from  cheap  or  unsal- 
able grains.' 

TEST  NO.  2. 

Clover  and  Grain  Hay  Compared. 

In  many  sections  of  Montana  grain  hay  is  grown  to  a  large  extent. 
It  is  most  commonly  grown  at  altitudes  too  high  for  the  maturing  of 
the  grain  or  on  foul  tracts  of  land  where  weeds  are  being  combatted. 
It  has  been  used  most  extensively  as  a  food  for  horses  or  for  wintering 
over  cows  and  calves.       Enquiries  have  come   regarding  its  use  as  a 
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fattening  food,  which  lead  us  to  secure  data   relative  to  its  value  for 
fattening  lambs. 

For  this  purpose,  7.38  tons  were  grown  upon  an  area  of  3.7  acres. 
Thus,  while  the  yield  is  large,  it  does  not  give  more  than  half  the  fod- 
der secured  from  the  same  area  of  clover.  The  grains  mixed  for  sowing 
were  spring  wheat,  barley,  oats  and  peas  in  equal  amounts.  This  mix- 
ture was  drilled  in,  irrigated  twice  during  the  summer  and  cut  and 
cured  as  for  hay  when  in  the  milk  stage.  Because  of  the  bright,  rich 
appearance  of  this  fodder,  intermixed  with  a  good  strong  growth  of 
peas  and  containing  much  immature  grain,  we  expected  excellent 
results  from  it. 

Two  lots  of  lambs  of  53  each  were  used,  one  receiving  clover  and 
the  other  grain  hay.  One  of  these  lots  was  the  same  as  that  used  in 
the  preceding  test.  The  test  was  not  conducted  longer  than  fK)  days 
because  of  the  supply  of  grain  hay  giving  out,  some  of  which  had  Ix^n 
used  for  other  purposes.  These  two  lots  were  put  on  feed  on  Nov.  16, 
1900,  all  other  conditions  except  those  of  food  being  practically  the 
same. 

Food  Consumed. 

By  53  Iambs  receiving  clover  only, — 
Prom  Nov.  16, 1900,  to  Jan.  14, 1901, 10780  lbs.  clover  at  $5  per  ton . . .  .$26.95. 

By  53  lambs  receiving  grain  hay  only, — 
From  Nov.  16,  1900,  to  Jan.  14, 1901, 10420  lbs.  grain  hay  at  $5  per  ton  $26.05. 

Increase  in  Weight. 

Nov.  16, 1900,  weight  clover  fed  lambs,  3245  lbs.,  average. . .  61.22  lbs. 
Jan.  14, 1901,        3987    "  "       ...  75.22    '» 


Total  gain 742    "  •'  14.00    " 

Nov.  16, 1900,  weight  hay  fed  lambs,  3210  lbs.,  average...  60.56  lbs. 
Jan.  14, 1901,        "        3776    ''  *'       ...  71.24    " 


Totalgain 566    "  '*       ...  10.68    " 

Therefore,  during  the  60  days  trial  the  clover  fed  lambs  made  « 
gain  of  14  lbs.  per  head,  while  those  receiving  grain  hay  gained  only 
10.68  lbs.  each.     Throughout  this  period  of  60  days  the  clover  lot  pro- 
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duced  100  lbs.  gain  at  the  rate  of  $3.63,  as  compared  with  $4.60  from 
the  yn^ain  hay.  It  should  be  noted,  however,  that  a  small  amount  more 
clover  was  consumed  than  grain  hay,  but  not  sufficient  to  materially 
affect  the  data. 

While  these  figures  represent  in  a  practical  way  the  comparative 
feeding  values  of  clover  and  grain  hay  for  fattening  lambs,  still,  they 
may  not  represent  accurately  their  relative  food  values  for  other  classes 
of  stock  or  from  a  standpoint  of  composition.  While  horses  and  cattle 
consume  these  readily  there  was  much  waste  from  the  lambs,  consist- 
ing of  grain  stems  and  vines  of  peas.  The  results  from  the  use  of  the 
grain  hay  fell  far  below  our  expectations. 

TEST  NO.  III. 

Effect  of  Water  Supply  on  Fattening  Lambs. 

The  impression  prevails  to  some  extent,  fortunately  not,  however, 
among  experienced  shf  ep  men,  that  a  sheep  can  thrive  and  even  fatten 
with  the  use  of  much  less  water  than  is  really  necessary.  We,  there- 
fore, made  it  a  part  of  our  work  to  secure  data  relating  to  the  results 
obtained  from  lambs  on  similar  rations  where  in  one  case  they  had 
constant  access  to  water,  while  in  the  other  they  were  turned  to  water 
but  once  a  day.  In  this  case  we  were  unable  to  handle  a  full  pen  of 
53  lambs  in  each  lot.  Seventeen  lambs  of  like  quality,  but  a  trifle, 
lighter  were  chosen  and  fed  on  the  same  food  and  in  the  same  manner 
as  Lot  II,  heretorore  described  as  receiving  clover  hay  and  screenings. 
The  seventeen  lambs  were  given  access  to  water  but  once  a  day  while 
those  of  Lot  II  had  constant  access  to  water  which  ran  through  their 
yards. 

Food  Consumed  by  17  Lambs. 

From  Nov.  16.  1900,  to  Feb.  13, 1901,  clover  4722  lbs,  at  $5  per  ton $11.80 

"        '•      •'        "        "  "        "    screenings  884  lbs.,  at  55c.  per  cwt 4.64 

Total 116.44 

Gains  Made  by  17  Lambs. 

Nov.  15, 1900,  weight   961  lbs.,  average  56.53  lbs. 
Feb.  13,1901,        "     1326    "  "        78.00 

Total  gain 365    "  "        21.47 


t» 
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Average  amount  of  Food  fed  per  day  to  Lambs  Watered  Onoe 

a  day, 

Ciover  coDsumed  per  head  per  day 3.08  lbs. 

Screenings    *'  "        "        "      "    56    " 

Average  Amount  of  Food  fed  perDay  to  Lambs  with  Water. 


it 


Clover  consumed  per  head  per  day . .  .2.9^  Ibsj  r 

Screenings    "  "         *        "        *'  55  .  . 

Comparative  Gains. 

Lambs  with  constant  access  to  water  gained. . .  .9.36  lbs.  per  month.  , 
watered  but  once  a  day,  **        7 .  15    '• 


Comparative  Cost  of  Increase. 

Lambs  with  constant  access  to  water $3.31  per  100  lbs.  gain. 

•*        watered  but' once  a  day $4.51    "      »      »»        ». 

It  will  thus  be  seen  that  a  constant  supply  of  pure  water  in  th6 
feeding  x>®^s  ™*^®^^l'y  aflfects  both  the  increase  iti  live  height  anil 
financial  returns.  From  these  two  lots,  fed  the  same'  food-under  pre- 
cisely the  same  conditione  except  as  to  watering,'  those  'having  con- 
stant access  to  the  water  made  a  larger  gain  per  head  per  mdhth  by 
2.21  lbs.  and  also  prckiu'ced  100  pounds  gain  at  the  rate  of  $1.17  less. 
This  data  emphasizes  strongly  the  necessity  for  a  constant  supply  of 
pure  water  for  fattening  lambs. 

I. 

FINANCIAl,  STATEMENT. 

In  all  225  range  lambs  were  purchased  and  put  on  feed  to  which  4 
others  were  added.  Of  these  516  only  will  be  considered  in  our  finan- 
cial  statement  as  they  comprised  the  carioad  which  reached  Chicago. 
The  remainder  were  used  for  slaughter  and  placed  on  the  local  market. 


IS  MONTANA  EXPERIMENT  STATION. 

Food  consumed  by  229  lambs  from  Nov.  16, 1900,  to  Mar.  15,  1901 : 

Clover,  65919  lbs.  at  $5  per  ton $164.79. 

Grain  hay«  10420  lbs.  at  15  per  ton 26.05. 

No.  1  Krain.  3446  lbs.  at  85c.  per  cwt 29.29. 

Screenings,  4515  lbs.  at  55c.  per  cwt 24.83. 

Total  cost  of  food  for  229  lambs $244.96. 

Cost  of  food  per  lamb 1 .06. 

Cost  of  food  for  276  lambs  shipped 230.90. 

Nov.  15, 1900,  to  216  lambs  at  $2  per  head $  432.00 

Mar.  15, 1901,  to  cost  of  food  120  days 230.90 

Mar.  15, 1901,  to  freight,  feed,  yardage,  commission,  etc 181.39 

Mar.  27, 1901,  by  216  lambs  sold  in  Chicago $908.29 

Mar.  27, 1901,  by  net  proflt 64.00 

$908.29    908.29 
Net  profit  per  head  .30. 

After  the  ninety  day  feeding  test  bad  closed  the  Iambs  were  held 
for  a  number  of  days,  as  shown  by  the  data.  This  was  done  in  order 
to  join  other  shipments  and  to  take  advantage  of  the  rise  in  price. 
During  this  interval  the  gains  were  very  unsatisfactory  due  to  the 
niiiioyance  and  injury  of  many  of  the  lambs  by  dogs  from  the  city,  the 
feeding  yards  being  but  a  few  hundred  yards  from  the  city  limits. 
During  the  first  visitation  no  less  than  forty  lambs  were  bitten,  a  few 
(lying  afterwards.  Though  precautions  were  taken  to  prevent  dogs 
from  gaining  access  to  the  yards  their  presence  in  the  vicinity  at  night 
kept  the  lambs  constantly  in  a  state  of  nervous  excitement  which  ren- 
dered the  feeding  very  unsatisfactory. 

Shrinkage. 

Before  shipping  the  lambs  were  taken  from  the  feed  yards  and 
weighed,  averaging  88  pounds  per  head.  At  the  time  of  sale  in  Chicago 
the  average  weight  was  80  pounds.  The  lambs  were  six  days  on  the 
road  between  Bozeman  and  Chicago,  there  being  but  two  cars  of  sheep 
in  the  train.  We  believe  that  this  shrinkage  is  much  larger  than 
would  take  place  when  running  on  regular  stock  train  time  and  with 
better  conditions  for  feeding. 

Unfortunately  a  heavy  fall  of  snow  preceded  the  shipment  which, 
having  melted,  made  it  difficult  to  feed  along  all  lines  owing  to  water 
nnd  mud. 


r  Range  and  Fattenbd  c 
Weigih-  54  Lbs. 


'  Lamb  ii  Months  Old,  Grown  t 
^NCH.     Weight.  74  Lbs. 


FATTENING  LAMBS.  19 

Market  Prices  Received. 

The  price  received  for  the  majority  of  these  lambs  in  Chicago  was 
$5.30  per  cwt.,  within  ten  cents  of  the  top  market  price  on  the  day  of 
sale;  some  of  the  thinner  ones  sold  at  $5.20.  Because  of  the  fact  that 
this  car  lacked  uniformity,  consisting  of  lambs  from  five  pens,  each 
fed  diflferently  and  some  without  any  grain,  we  were  well  pleased  with 
the  sale.  The  lambs  were  sold  by  Messrs.  Clay,  Bobinson  &  Co.,  of 
the  Union  Stock  Yards,  Chicago.  These  gentlemen  were  exceedingly 
diligent  in  keeping  us  posted  as  to  the  market  conditions  and  the  best 
time  to  iforward  the  lambs.  By  acting  on  their  advice  we  were  enabled 
to  secure  the  advantage  of  advanced  prices  after  a  depression  extend- 
ing over  some  two  months,  as  shown  by  the  market  reports. 

Fattening  Lambs  for  the  Local  Market. 

In  order  to  seek  further  information  regarding  the  demands  of  our 
local  markets  59  high  grade  Shropshire  lambs  were  purchased  from 
Mr.  Roy  Martin,  of  Bozeman,  on  Nov.  1st,  1900,  and  fed  during  a 
period  of  135  days.  At  the  time  of  purchase  these  lambs  averaged 
78.5  lbs.  and  the  purchase  price  being  $3.00  per  head,  cost  $3.82  per 
cwt.  The  cost  of  feed  for  these  lambs  during  135  days  was  $1.56  per 
head.  These  lambs  were  placed  on  the  Bozeman  market  at  a  weight 
of  119.5  lbs.  each.  The  price  received  for  them  was  $5.25  per  head  or 
$4.40  per  cwt.  After  charging  up  the  feed  at  prices  already  given  a 
net  profit  of  69  cents  per  head  was  realized.  This  profit  would  pro- 
bably have  been  still  larger  had  the  lambs  been  disposed  of  earlier  in 
the  season,  as  they  were  fed  beyond  a  condition  of  perfect  finish. 
Figs.  3  and  5  show  both  front  and  rear  cuts  of  a  carcass  from  this  lot 
which  dressed  74  lbs.  Pig.  6  shows  the  band  of  grade  Shropshires 
which  were  fed  and  sold  on  the  local  markets. 
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Conclusion- 

'TtiBft^afta  relating  to  stock  feeding  furnished  in  this  bulletin  is 
giveif  4(^  t^  fnrmers  and  stockmen  of  Montana  with  the  hope  that  it 
may  at'  l^ast  provide  some  us^jful  information  relating  to  the  feeding  of 
si6Ck  for  shipment.  We  wish  to  call  particular  attention  to  the  fact 
that  these  statements  may  be .  regarded  as  very  safe,  for  two  reasons, 
finst,  where  larger  numbers  are  being  purchase!  they  can  be  secured 
more  cheaply.  While  we  paid  $2  per  head  for  225  lambs  a  band  of 
1300  near  by  was  purchased  for  $1.75  each;  second,  the  market  at  the 
time  our  lambs  were  sold,  though  better  than  for  some  weeks,  was 
much  lower  than  the  average  the  same  season  during  a  number  of 
years  past.  '        ■  '    '- 

According  to  reports  the  western  feeder  came  out  about  even  dur- 
ing the  past  season;  the  live  stock  reports  show  this  to  have  been  the 
case.  In  the  face  of  this  fact,  Jthen,  is  it  Jxpt  pncouraginf^  to  kifow  that 
the  shipment  fropi  this  station  netted  ,a  fair  profit. 

We. cannot  urge  too  strongly  the  practicability  of  sheep  feeding  in- 
particular  in  our.  Montana  valleys.  Use  alfalla,  red  clover,  or  alsike 
with  a  small  amount  of  grain.  The  secret  of  success  in  the  future  will 
be  found  m  finishing  a  product  better  than  thcBverage  which  reaches 
the  market..    Thps^^are  the  kind  which  feed  and  sell  profitably. 
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